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ABSTRACT
Dlcyanoacetylene (DCNA) has been found to bo an exceptionally 
reactive ir-acit.l ligand. The results described are consistent with the 
view that multiple electron-withdrawlng substituents attached to an 
unsaturated molecule Lend to enhance the reactivity of these molecules 
toward complexes of transition metals in low oxidation states. Keac- 
! ions ol DCNA with some complexes of platinum, palladium, nickel, gold, 
rhodium, and iridium are described, and structures are proposed tor the 
resulting products. Among the complexes prepared were the following:
1' t ( Ptr F ! ,(DCNA^ , Ft ( Ph^As) ■,{DCNA) , Pt (Et .,P) ;.(DCNA) ,
Ft Cl [_-<:(CN W:il(CN)l (Ph.,P);., PtC 1 [-C (CN) =CH(CN ) | (E t ■, P ) ; , Pd (PhiP ; DCNA ) 
RhC 1 (COl ( Fh-.F 1 _ (D C N A ) , I rX(CO) (Ph ,P) ̂ (DCNA) (X = Cl, Br, 1, or NCS ) ,
I r<‘ 1 fCO)(Ph.,AsV.(DCNA) , and lr[-C(CN )=CH(CN ) 1 (CO) (Ph-.P );.(DCNA) .
The platinum complex Pt (PhMP);.( DCNA) was found to possess 
the highest thermal stability (m.p. = 1*V j - h  1 C) of all complexes yet 
reported of the type Pt (Ph-.P) ;>( acetylene) . Furthermore, it was ob­
served to be resistant to dissociation in solution, where it fails to 
react with CS->, formaldehyde, pheny lacety lene , or fumaroni t r i le . Tetra 
cyanoethy lene (TCNE) gradually displaced DCNA from Pt (Ph-,P)-.(DCNA) over 
a period of dk hr, and formed Pt(Ph3P)^(TCNE). Benzonitrile oxide and 
phenyldiazomethane reacted with Pt(Ph3P)^(DCNA) • but the products were 
not characterized. Although excess bromine oxidized the DCNA complex 
to Pt Br 4(Ph MP) careful reaction of PtfPh^F) e(DCNA) with one mole of 
pyridinium bromide perbromide produced a complex which has been tenta­
tively characterized as Pt(Ph3P)?(C4N^Br^). Excess hydrobromlc acid 
reacted with Pt(Ph^P)^(DCNA) to produce PtBrP(Ph3P ) w h i l e  more dilute 
concentrations of HBr gave PtBr [-C(CN) "CH(CN) J (Ph3P )
Solutions of Pt(Ph3P)£(DCNA} reacted with HC1 gas or aqueous 
hydrochloric acid to form an insoluble, white complex. This material Is 
thought to be a polymer, [PtCl[-C(CN)"CH(CN)](Ph3P)2]n; it was found to 
be Insoluble In triethy1amine or piperidine, but soluble In pyridine 
and dlmethy 1 formatnlde. From these solutions the mononuclear complex 
PtCl[-C(CN) =CH(CN) ] [ PPh-,);, was Isolated.
No reaction was observed between DCNA and AuC1(phMP), The 
nickel complexes N1 (Ph-,P }-,(c^H4) and N1 (CO) ,o(d iphos) reacted with DCNA 
to give dark-colored solutions from which no pure compound could be 
isolated, Side reactions complicated the reaction of DCNA with 
Pd(Ph3P)4; however, fumaronitrlle reacted with Pd(Ph<P)4 to produce 
Pd (PhMP)',(c4N; . Solutions of Pd(Ph3P) P(c 4N.,Hp) reacted with DCNA 
to produce Pd(Ph^P);J(DCNA) .
Vaska's compound and homologs of the type MX(CO)(Ph3E) 
reacted with DCNA to form stable, crystalline one-to-one adducts with 
the general formula MX(CO)(Ph3E)P(DCNA) (where M = Ir, X = Cl, Br, I,
NCS, E = P; M = Ir, X “ Cl, E “ As; M - Rh, X = Cl, E = P) . The complex 
RhCl(CO)(Ph3P)^(DCNA) is noteworthy since very few rhodium-acetylene 
complexes have been isolated from solution. Moreover, the complex 
RhCl(CO)(ph3P)2(DCNA) can be recrystallized from solutions of CHpClp 
containing added DCNA.
The complex ion [Ir(dlphoa)£]+ (where dlphos “ 2- 
dlphenylphosphinoethyldiphenylphosphine) failed to react with fumaro­
nitrlle or hexafluorobutyne. No well-charcterlzed complex could be 
isolated from the dark reaction mixture formed by adding DCNA to solu­
tions of [lr(diphos)p]Cl or [ir(CO)(dlphos)£]Cl; however, DCNA is
xl
thought to have reacted primarily with partially dissociated diphos 
ligands rather than with the iridium atom along.
The reaction of DCNA with I rH{CO) (Ph-^P) . was complicated by 
side reactions between DCNA and Ph,P. However, the reaction of DCNA 
with IrH(CO) _-,(Ph^P)produced the complex I r [-C (CN) =CH(CN ) ) (CO) ( PhMP); ,- 
( DCNA) . No reaction was observed between DCNA and [ r H (CO) ( Ph-.P) ■- 
(1umaroni t r i i e ) ,
Tlie reactions ot DCNA with the complexes lrCl(N )(Ph.,P'); 
and RhCi(CO); P h MP ) gave products which have been tentatively charac­
terized as I rCl (DCNA) ;.(Ph-,P );, and RhC 1 (C O ),-( Ph ,P) ( DCNA) , respectively. 
The first ot these is particularly interesting since it appears to be 
the first example ot an Iridium complex containing multiple, indepen­
dently '[-bonded acetylenic ligands.
xii
I NTROIHfCT I ON
A. Preliminary Kemarks ami llackg round Cons i derat ions
Sc i en<'e-i i c t 1 on novella! Arthur Cl irk has predicted that 
by the year i-" > 11 Pan-Arne r i c an Airways will lie altering shuttle ser­
vice between earth ami an or hi tiny Ml I Inn Motel space station for pas* 
senders in transit to tire imjoi and o' Met iisl inat ions. 1 Although such 
ideas appear to reside currently In the teal in of tin.1 slightly fantastic, 
the advances possible In the next iniriy t a i s will probably include a 
great variety of surprising discoveries, inventions, and achievements, 
which are present lv relegated strict! 1 to the province of the imagina­
tion, Today's scientists would doubtless he thoroughly astounded if 
suddenly confronted with a thrce-decade-advaiiced view of scientific 
progress possible bv ,* 11 . fit- (.anise, such a statement assumes that
the current exponential growth late of science is not interrupted.''
In line with the rapid rate of growth of org anometal1ic 
chemistry, it is amazing to consider that the research described in 
this Dissertation would have been judged revolutionary a mere dozen 
years ago. The f a d  remains that, inorganic chemistry, particularly 
transition metal chemistry, began to experience a blossoming in the 
second half of the Twentieth Century, such as that experienced by 
organic chemistry during the first half of this century. Joseph Chatt , 
who may be considered the primogenitor of transition metal-acetylene 
chemistry, stated in a lecture to the Chemical Society in London in 
Iwtie?, that, "If this lecture had been given ten years ago ( 19r>£J) , ! 
could have discussed in considerable detail the whole of the chemistry
1
of complex compounds containing either a hydrogen atom or the carbon 
atom of an organic radical bound by means of a slgtm bond to a transi­
tion metal. This Is no longer true; a great number of hydrldo, alkyl- , 
and a r y 1-complexes of transition metals has been discovered during the 
last d e c a d e ." '
It one were to choose a single chemical event by which the 
sudden rush of research enthusiasm In the field of organo-transitIon 
metal chemistry was initiated, ft would have to be the discovery of 
ferrocene by Kealv and bauson.' Hie study of metallocenes and related 
complexes containing planar polygonal H iI"K systems (such as di- 
benzenech rom ium) developed ovei a lelatlvelv short period of time into 
a field casually referred to as "sandwich chemistry". The sandwich 
complexes are relevant to the present topic because they Illustrated 
for the firsL time t he fact that nnsatirrated hydrocarbons of a variety 
of types could behave as unusually effective ligands in bonding with 
the d-orbltals of transition metals.1'
On the other hand, true metal-olefin and meta l-acetylene com­
plexes were known I ;i a time which must be regarded as ancient history 
relative to the development of metal 1oc en es. The first metal-olefin 
complex was reported in 1^1 by Zeise and corresponded to a complex 
with the formulation K [_Pt(! 1 ■ , (C^H 4) ] ■ HpO - » r Nevertheless, even as
late as the end of l')h', a journal article stated, "At present, (only) 
the triangle of elements Cufl), Pd(ll), A g { I ), P t (11) , Hg(ll) is known 
to form reasonably stable (olefin) complexes. There are also iron com­
plexes of the type (butadiene) Fe(C0)-,, but their structures are un­
known." ® Tliis contrasts with a review in lIdf2, which surveyed 2l)0
3
references (mostly from post-WjU literature) and reported transition 
metal-olefin complexes existing for all but technetium and gold,B 
Indicating the rate at which the field suddenly began to develop.
During the early l̂ bw'fj, the currently accepted theory of 
the metal-oleiin bond was proposed, first for Ak(1) complexes , llJ and 
later for Pt(ll) compounds. 11 The Dewur-Chatt-Duncanson model of the 
metal-olefin (or metal-acetylene) bond is described as a composite of 
two distinct bonding interactions. A sigma-like bond is formed by the 
overlap of a HlJp bonding orbital (filled) on the olefin (or acetylene) 
with a hybrid metal orbital such as a dsp^ (empty) on the metal. At 
the same time, the meLai Is able to relieve the bulld-up of negative 
charge by "back-donat i on" of electrons front a d or dj> hybrid orbital 
into a Tfop* antibondfng orbital (empty) on the olefin or acetylene.
Each of the above-mentioned bonding interactions was termed a ^ bond 
(for molecular) by Dewar.1’ As shown in Figure 1, the orbital symme­
tries are exactly appropriate for etfective positive overlap and bond 
formation. Chatt subsequently generalized this theory to explain the 
stabilization of complexes of transition metals in low oxidation states 
by other ligands such as organo-phosphlnes, -phosphites, and -sulfides.
In complexes of the type represented by Zelse's anion, 
[PtCl3(olefin)J , the olefinic stretching frequency is observed to be 
reduced by about lbu cm-1 upon coordination, whereas in acetylenic 
analogs, e.g. [PtCl-j(acetylene) ] , the reduction in acetylenic stretch­





"Tt- like" u bond
FIGURE I
Orbital Symnetry Combinations Invoked in the Description 
of the Metal-Olefin or Metal-Acetylene Bond According to 
the Dewar-Chatt-Duncanson Theory.
b
From Infrared data and considerations derived from the 
bonding scheme described above, (Jhatt predicted that the olefins and 
acetylenes in complexes of the type first prepared by Zelsefi* f would 
be oriented perpendicular to the plane defined by the platinum atom 
and chloride ligands. The fact that the X-ray structure determination 
of Zeise's salt exactlv confirmed (Hiatt's prediction constituted a 
strong recommendation tor the theory of "backbond ing" . 1 ‘ 1(1
However , the theory was to receive more attention as a re­
sult of a discovery that may be regarded as the result of serendipity 
flavored with keen scientific Instinct. in hopes oi preparing cyclo- 
butadiene complexes of the type predicted by Orgel and Longuet-Higgins, 17 
Chatt and co-workers reacted PrC 1 .(Ph-,P); with hydrazine In the presence 
of olefins and acetylenes. The absoluLe failure of this reaction to 
produce eye Iobutad1ene complexes was mollified by the fact that it led 
to the discovery of a new series of neutral (non-ionic) complexes of 
unsaturated hydrocarbons. The new complexes were characterized as 
Pt (Ph-,P) :.(l ) , where L is an acetylene or olefin. 1M Analogous products 
were obtained by the reactions of acetylenes with some zerovalent pla­
tinum complexes such as [Pt(Ph ,P)[o-phenyleneb1s (dimethylarsine)]} and 
Pt(PhMP ) 4. The latter reactions constituted the beginning of the ap­
preciation for the oxidative-addit1 on chemistry of platinum in the zero­
valent oxidation state that was first discovered by Malatesta.
Variations in the procedure for the reduction mentioned above, 
Ĵ .e. , the reaction of PtCl; (Ph-4P): with hydrazine, eventually led Chatt 
and co-workers to discover also a new series of hydrido-platlnum com­
plexes bearing the general formula Pt(H)x(Ph3p)P, where R is either an
6
alkyl or aryl substituent, and X Is any of a number of mono-anionic 
ligands such as Cl , CN , or NOp .
Although the Initial work with Chatt's new class of unsatu­
rated hydrocarbon complexes focused principally on complexes containing 
acetylenic ligands,JH a number of complexes containing olefinlc hydro­
carbons was described in a subsequent publication,*^ However, olefin 
complexes were observed to be much leas stable than acetylene complexes 
bearing analogous substituents.^
From the empirical formula, it is not clear whether a com­
plex such as Pt(Ph-d* ' P h - C P h ), should be regarded as ^-coordinate 
pI at 1num (0) or Jt-coord i nate platinum(Il). In the former case, the 
acetylene would be regarded as a neutral ligand, bonded just as a CO 
or Ph ,P ligand. In the latter case, one must assume that the acety­
lene has become a dianion on coordination and that Blgma bonds from 
each of the acetylenic carbon atoms occupy two of the coordination 
positions of square-planar platinum(I l); such coordination occurs upon 
the addition of alkyl or aryl halides to Pt(0) complexes.14
Without the benefit ot X-ray diffraction techniques to 
determine the crystal structure and molecular geometry, Chatt pre­
ferred to consider the complexes to be essentially square-planar com­
plexes of platinum(11) in formal terms of valence bond theory. Infra­
red spectral data constituted the most significant support for this 
point of view at the time. For each of the complexes of the type 
Ptf Ph?P) ;j(R-C X> R) , there was observed a band in the Infrared spectrum 
In the region of 17(K) cm"1 corresponding to the coordinated acetylenic 
stretching frequency. Since the acetylenic stretching frequencies of
7
free alkynes are found In the region of ^100 cm-1, the decrease of 
about UX) cm*1 upon coordination Indicates that the triple bond has 
been reduced almoBt to a double bond. In complexes of the type 
Pt(Ph3P)p(olefIn), the reduced O C  stretching frequency la not ob­
served In the Infrared spectrum of the complex. In contrast, for a 
complex Ion of the type [PtCli (olefin) 1 , one observes a reduction In 
the acetylenic stretching frequency upon coordination on the order of 
11*0 cm*1. The reduced C=C band In Pt (Ph-,P) ̂ (o lef in) complexes must 
either be Infrared Inactive or be very weak and possibly masked by 
stronger bands. However, In the complex Pt ( Ph-,P) ;.[ FpC=CF(CF^ ) ] , the 
fluorine-fluor lne coupling constant in the nuclear magnetic resonance
spectrum (j - ,'JO Hz) Is of the same order as that observed Inr F-F gem
saturated fluorocarbon systems. The magnitude of this coupling cons­
tant suggests that the hexafluoropropene moiety Is essentially slgma- 
bonded to platinum.1" Similarly, the fact that no carbonyl band was 
observed In the complex Pt (Ph ,p) .„(hexaf luoroacetone) Implies that the 
carbonyl bond has been disrupted on coordination of hexafluoroacetone.
The general implication of all of the above spectral data Is 
that the bond order of a coordinated olefin or acetylene is reduced by 
almost a full bond. This data suggest that acetylenes or olefins be­
have as bldentate ligands occupying two coordination positions of the 
metal rather than one. If one prefers to draw stick bonds in the 
context of the valence bond theory, the acetylene is formally a dlanlon. 
Therefore, the complex Pt (Ph:,P)-,(acetylene) is formally a complex of 
Pt(ll). The latter Is expected to exhibit square-planar coordination 
geometry.
H
When the X-ray structure study was performed on one of the 
controversial hydrocarbon complexes, the results Indicated that the 
complex, Pt (ph^P) ̂ (p h-C*C-Ph), w*b found to be essentially planar.36 
The axis of the acetylenic bond in the complex was found to be In­
clined llj° to the plane defined by the platinum and two phosphorus 
nuclei. Moreover, the phenyl substituents were bent back away from 
the platinum and the axis of the acetylenic bond by ^0°; such an angle 
Is more characteristic of an olefinlc bond angle than an acetylenic 
one.
Although It is convenient to visualize a three-membered 
platinacyclopropene ring formed from the platinum and the two acetyl­
enic carbon atoms, it Is important to keep in mind that such a visual 
convenience is not at all the nature of the bond described by the 
Dewar-Chatt-Duncanson theory of olefins and acetylenes as o-donor, 
TT-acceptor ligands. A literal interpretation of the plat inacyc lopro- 
pane and -propene conceptualization would imply considerable strain in 
the ring. X-ray data indicate that the carbon-platinum-carbon bond 
angle in the complex Pt (Ph ) ̂ ( tetracyanoethylene) is about 1+0°. How­
ever, this complex is thermally stable to such an extent (m.p. 2b8-270u C) 
that notions of ring strain and resulting instability of the complex are 
not plausible.'17
The Dewar-Chatt-Duncanson theory was formulated originally 
to describe the bonding in Ag(l) and Pt(ll) olefLn complexes, and it 
was subsequently generalized to fit the "ring" complexes of the type 
Pt(Ph3P)?(L) (where L * olefin or acetylene). Naturally, with dif­
ferent ligands, different geometries, and different oxidation states,
the "ring" complexes must be examined theoretically on the basis of 
the symnetrles, orbitals, and energies actually Involved. Analogies 
to remotely similar situations Bhould not be taken, too seriously. 
Recently, Jonassen and co-workers have attempted to modify and extend 
the Dewar-Chatt-Duncanson theory to fit platinum-acetylene "ring" 
complexes ,*J,J' and such efforts may eventually lead to a better under­
standing of quantitative factors affecting the stabilization of transi­
tion metal complexes In low oxidation states. Among the lnsnedlate 
values of Jonassen's study was the illustration of the Increased com­
plexity in the bonding considerations concerning metal-acetylene com­
plexes relative to metal olefin complexes.̂
It generally occurs that a qualitative understanding of the 
factors affecting the stability In a homologous series of transition 
metal complexes develops from empirical observations long before 
theoreticians attempt to consider the problem in detail. This situa­
tion is typified by the study of the platinum-rlng complexes, where it 
is observed that electronegative substituents on an olefin or acetylene 
increase the melting point of the crystalline complex and reduce rela­
tive dissociation in solution. Moreover, whenever two ligands are in 
competition for the moiety containing platinum, two trends are observed 
acetylenes tend to displace olefins, and acetylenes bearing a more 
electronegative substituent tend to displace other acetylenes bearing 
the less electron-withdrawing substituent. The displacement reaction 
is shown by equation (l).
Pt (Ph3P) ;>(L1) + L2 - Pt(Ph3P)P(L£) + L1 (1)
(where L1 is an olefin or acetylene and L2 is an
acetylene bearing electronegative substituents).
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A kinetic study of the above displacement reaction, where 
both L1 and L2 represent para-subatituted phenylacetylenes, revealed 
that the rate determining step in the displacement of L1 by L2 involved 
the first-order dissociation of L1 from the complex. This rate was 
observed to be independent of the identity of L2. From the preceding 
information, it was concluded that the displacement proceeded through 
the addition of L,2 to a reactive intermediate, postulated to be 
Pt(Ph3P)ij, in a fast second step.30,31 The reality of Pt(Ph;iP)^ as a 
stable intermediate was later demonstrated by an independent synthesis 
and characterization of PtfPh^P)^ as an isolable white solid.
Until the publication of the kinetic work of Allen and Cook,30 
the stabilizing effect of electronegative substituents on olefins and 
acetylenes coordinated to transition metals was understood purely on a 
qualitative basis. However, with the measurement of the dissociation 
rate constants, Allen and Cook were able to demonstrate quantitatively 
the dramatic effect of subBtituent electronegativity in Increasing the 
stability of olefin and acetylene complexes to dissociation. For ex­
ample, when L Is £-methoxy-, £-chloro-, or £-nitrophenylacetylene in 
complexes of the type Pt (Ph;jP) 2(L) , the corresponding dissociation rate 
constants lie in the ratio of 100:10:1, respectively.
With the utility of electronegatively substituted olefins 
and acetylenes as ligands well established, the focus of interest in 
the field moved to halogenated hydrocarbons. Clearly, such ligands 
furnish more strongly electronegative substituents than had been pre­
viously employed. In particular, the exceptionally high electronegat­
ivity of the fluorine atom prompted investigation of the ligand
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properties of unsaturated molecules in which hydrogen had been substi­
tuted by fluorine. The result was the synthesis of a profusion of 
novel fluorocarbon complexes; many of the parent hydrocarbon complexes
could not be prepared or were too unstable to be isolated.33'34
B. Statement of the Problem
It has been the premise of the experiments performed for this 
Dissertation that compounds containing an abundance of cyano groups at­
tached to an unsaturated skeleton of carbon atoms, such as an olefin or 
acetylene, should form extremely stable complexes in reactions with 
transition metal substrates in low oxidation states.
By means of extensive study of substituent effects in a wide 
range of chemical environments, involving various types of reactions, 
organic chemists have evolved a system of assigning numerical values to 
certain functional groups as an indicator of the relative electron dis­
placement of the particular functional group.35 The numerical values 
obtained are generally referred to aB Hammett o-constant. Numerous 
innovations in interpretation of experimental data have resulted in 
the publication of more than one value of the substituent constant for 
the identical functional group. There is no general agreement as to 
the appropriate value of the Hammett o-constants for each functional 
group in any and every situation. There is, however, qualitative 
agreement that functional group electronegativity decreases in the 
order that follows: nitro, cyano, trlfluoromethyl, alkoxycarbonyl
(esters), halogens, hydrogen, alkyls.3a
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Not only does the cyano group display a very high group 
electronegativity, It also possesses a complex TT-orbltal network.
Since the Tf-antibonding orbitals of this group are empty, and have 
relatively low energy,37 it Is theoretically possible that delocaliz- 
atlon of electron density from the metal through an acetylene to the 
cyano groups could contribute b 1gnlftcantly to the stabilization of 
the metal-acetylene bond.
Prior to the publication of this work , the only cyanocarbon 
which had been studied to any significant extent In reactions with 
transition metalB was tetracyanoethylene (TCNE) , the simplest percyano- 
olefln.30'30 The first study of TCNE in reaction with some platinum 
substrates produced complexes of exceptional stability, among which 
were Pt (Et3P)^.(TCNE) and Pt (ph3P);:.(TCNE) . The former was prepared by 
displacement of HCL from PtHCl (Et:iP)P; this displacement was an unpre­
cedented reaction for this particular substrate. The fact that such a 
reaction occurred must be attributed to the extremely high TT-acldity 
of the percyanoolefIn. The latter complex, Pt(Ph3P)2(TCNE), was found 
to be thermally stable to around 270° C. Such a decomposition tempera­
ture is unexcelled by any other compounds of the type Pt(Ph-^Pj^folefin). 
Considering the negligible slgma-donor properties of TCNE, the latter 
percyanoolefin complex Is regarded as the best example to date of a 
ligand attached to a metal through a "pure-TT-bond" In terms of the 
Dewar-Chatt-Duncanson theory.
The work described In this Dissertation constitutes the 
logical extension of the study of percyanocarbona from the percyano­
olef In (TCNE) to the percyanoacetylene, dlcyanoacetylene (DCNA).
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Dlcyanoacetylene (C4Nf) has also been called carbon subnitride (by 
analogy with carbon suboxide, C30£) and acetylenedlcarbonltrlle. How­
ever, the acronym DCNA was selected because It followed the patterns 
of previously chosen abbreviations (.I.e. , TCNE). Although the acronym 
DGA had been employed in previous publications involving H  was
judged unsuitable in this instance because of the possible ambiguity 
with other molecules such as dlchloroacetylene.
II. A REVIEW OF TRANSITION METAL-ACETYLENE CHEMISTRY
In the Interest of offering some perspective on the reaction 
chemistry of acetylenes with transition metals, in the following pages 
will be given a survey of the general types of complexes formed by re­
actions of transition metals with acetylenes, particularly with activ­
ated acetylenes.
Several reviews, which constitute excellent chronicles of 
the literature within their time limits specified, have appeared since 
i960.40-45 The most recent survey of platinum and palladium chemistry 
through June, I968, by Hart ley,40 supplements the previous survey of 
this field by Guy and Shaw.41 However, the important material from 
these reviews, along with that from a review of a-bonded hydride and 
carbon ligands by Cross,42 has either already been mentioned, or will 
be mentioned in the Discussion Section.
The first review dealing with the chemistry of olefin and 
acetylene with transition elements other than palladium and platinum 
was presented by Bennett in I96? and Included extensive attention to 
the reactions of acetylenes with iron and cobalt carbonyls.43 However, 
a more unified and coherent treatment of transition metal-acetylene 
chemistry (and the best general review published to date) was more 
recently presented by Bowden and Lever.44
Since it will be necessary to review the transition metal- 
acetylene chemistry of platinum, palladium, nickel, iridium, and rho­
dium in the Discussion Section, the acetylene complexes of these metals 
will not be Included in the present discussion.
Ik
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Although dinitroacetylene has not been prepared to the best 
of this author's knowledge, such a molecule should be very reactive 
and explosively unstable In the pure liquid state. It should also, If 
ever prepared, form a more stable metal-acetylene complex than does 
DCNA. However, since dlnltroacetylene has not been prepared, and 
DCNA chemistry is herein reported later, the present review is limited 
to hexafluorobutyne (C^e) , di(mathoxycarbonyl)acetylene (DMCA) , and 
diphenylacetylene (Ph-C*C-Ph), and minimally to other acetylenes.
There are two types of metal-acetylene bonding modes which 
are not reviewed in this Dissertation, but which have been reviewed 
elsewhere.42145 These two bonding modes are those founded in TT-bonded 
acetylene complexes such as Zeise's salt K[PtCl3(H-C^C-H)], and in o- 
bonded acetylido complexes such as copper(l) acetylide [Cu^^f H^O) 1.
Some titanium complexes in low oxidation states are thought 
to be the effective polymerization catalyst for the low pressure syn­
thesis of polyethylene.40*47 The reaction of diphenylacetylene with 
Ti(cp)s(CO)p (where Cp is the TT-cyclopentadlenyI group) results in the 
displacement of both carbonyls to give an air-sensitive crystalline 
complex of the type Ti(Cp)^(R-C^C-R)p. However, infrared spectral data 
indicate that this is not a true acetylene complex but some type of 
substituted butadiene complex.40 The dimerization of the acetylene in 
this reaction probably corresponds to the polymerization initiation 
step in polyethylene synthesis.
True acetylene complexes of vanadium can be prepared. The 
reaction of DMCA or C ^ e  with V(Cp)e produces green or brown crystals 
of V(Cp)£(R-C^:-R) , where R is COOCH3 , or CF3 , respectively.
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The reduced acetylenic stretch Is observed In the Infrared spectrum at 
1821 and 1800 cm-1, respectively.40 These complexes are particularly 
significant because they are the first examples of paramagnetic transi­
tion metal-acetylene complexes. Dlphenylacetylene displaces two 
carbonyls from v(Cp)(C0)3(Ph3P) to form TT-CpV(CO) (Ph-C^C-Ph)Ph3P. 50 
Recently, niobium complexes containing TT-bonded diphenyl- 
acetylene ligands have been reported. Irradiation of TT-CpNb(C0)4 in 
the presence of dlphenylacetylene yielded (TT-Cp)Nb(CO)p(Ph-C^C-Ph)^
{see Figure 2). This product constitutes another example In which 
multiple independently bonded acetylenes can be found in transition 
metal complexes.
Although a fairly wide variety of chromium-olefin complexes 
Is kncwn, few acetylene complexes are known. The reaction of diphenyl- 
acetylene with tris(acetonitrile)tricarbonylchromlum produces an un­
stable yellow compound, which rapidly decomposes to a violet complex 
of tetraphenylcyclopentadlenone.52
Some arene-chromium tricarbooyls react with acetylenes to 
produce complexes in which one carbonyl has been displaced. Examples 
of such complexes are Cr (C0)£(R-CaC-R) (jCAr)3 , where R-CaC-R represents 
DMCA or dlphenylacetylene, and XAr is hexadtet by 1 benzene.53
More often, chromium effects trimerization of acetylenes. 
Sometimes substituent transfer accompanies the trimerization. The 
isolation of 1,2 ,5 > *+-tetraphenylbenzene in addition to hexapheny lben- 
zene from the reaction of dlphenylacetylene with triethylchromlum, 
[CrEt3(tetrahydrofuran)3]3 , illustrates the trimerization as well as
IT
C 6 H 5
FIGURE 2
Structure of TT-CpNb(CO) £(Ph-C=C-Ph)2
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the transfer of a sigma-bonded alkyl group to the cycllzlng acetylene,54 
This subject was extensively reviewed in an ACS monograph.5
The photochemical reaction of molybdenum hexacarbonyl with 
dlphenylacetylene afforded a complex In which all but one carbonyl had 
been displaced, Mo(CO) (Ph-C^-Ph)3. 55 When the same reaction was per­
formed at elevated temperatures (110-116° C), a variety of side reac­
tions occurred. Among these were trimerization of the acetylene and 
formation of cyclobutadiene complexes and tetracyclone derivatives.56 
The most interesting of the variety of products formed Is the brick-red, 
carbonyl-free complex Mo(Ph5C5)£ that occurs along with some free 
pentaphenylcyclopentadiene. The formation of a 5-membered ring from 
the Interaction of acetylenic ligands, each possessing only two carbons 
per ligand to form a ring, suggests that an unusual mechanism Is in­
volved In this reaction.
Tungsten forms a series of relatively stable diamagnetic 
solid complexes with the general formula W(L)(R-C^c-R)^ (see Figure 3), 
where L is acetonitrlle or a carbonyl ligand, and R-C^-R Is 3-hexyne, 
l~phenylpropyne5£> or 57,50 Presumably, these tungsten complexes
are structurally analogous to the previously mentioned molybdenum 
complex, Mo(CO)(dlphenylacetylene)3. From the available chemical and 
spectroscopic evidence, It appears that the acetylenic ligands In 
these complexes are not trimerized but Independently TT-bonded to the 
tungsten atom. The tungsten atom Is still formally zerovalent , and It 
possesses a trigonal-pyramidal (C3v) coordination geometry. The fact 
that the three acetylenes are not trimerized In the complex Is parti­











Structure of Complexes of the Type ML(R-C^C-R)3 
where M ■ Mo, L ■ CO, R “ Phenyl; M ■ W, L ■ 
CHaCN, R - CH3 , CF3 .
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predicted by Longuet-Hlgglns and Orgel for polyacetylene and cyclo- 
but&dlene complexes.17
The product from the reaction of (TTCp)2MH£ (where M * Mo,
w) and a disubstituted acetylene was found to depend on the electro­
negativities of the substituents. The metal-hydrlde bond added 1,2 to 
the acetylenic bond of hexafluorobutyne to give exclusively the trans
"Insertion" product. However, the els "insertion" product was reported
from the reaction of DMCA with (TtCpJ^MoH^. When the acetylene employed 
was PhC^-Ph, the reaction products were (TT-CpJ^MofPh-C^C-Ph) and some 
stllbene.59
The manganese complex TT-CpMn(C0)3 reacts with acetylenes, 
displacing one CO to form Mn(Cp) (CO) ̂ (R-C^-R) where R Is CF3 60 or 
Ph.61>6£ The hexaf luorobutyne homolog, TT-CpMn(CO) ̂ (C^e) , is touted 
for its stability In terms of Its Inertness toward substitution of CO 
by trlphenylphosphine and its lack of decomposition in boiling benzene. 
However, the assignment of the reduced acetylenic stretching frequency 
to the Infrared band found at 1919 cm'1, only }8l cm”1 below the fre­
quency in the free acetylene, Indicates that substantially less back- 
bonding occurs In this complex than occurs in the platlnum(O) acety­
lene complexes. Wilkinson has suggested that C4Fe functions principally 
as a donor-ligand in this complex.90
Rhenium trichloride and phenylacetylene have been briefly 
reported to form an unusual complex, ReCl(ph-CsC-Ph)£. 03 It has been 
reported that acetylenes react with Iron pentacarbonyl to form unstable 
complexes with the general formula Fe(CO) 4(R-C^-R) , where R is tert- 
butyl or trlmethylsllyl.64 Presumably, such complexes have a structure 
analogous to that determined for Fe(CO) ̂ CH^CHCN). as
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Except for the possible Iron compound, organotransltIon 
metal chemistry of acetylenes with lron(O) compounds does not include 
acetylene complexes as such but rather involves rearranged products 
such as cyclobutadlene complexes, substituted eyelopentadienone com­
plexes, as well as a variety of polynuclear complexes Involving oligo­
merized acetylenes and carbonyl insertions In many cases,43*44
The contrast between the reaction chemistry of dlphenyl­
acetylene and C4F6 Is Interesting because only one product was isolated 
from the reaction of hexafluorobutyne and Fe(CO)^,aa whereas at least 
eight products result from the reaction of dlphenylacetylene with 
Fe(CO),,.44 The single product fiom toe C ^ g  reaction results from 
dlmerization of the acetylene and carbonyl insertion, to produce the 
complex tetrakIs(trifluoromethy1)cyclopentadienone iron tricarbonyl, 
(CjFjgO) (CO)aFe (see Figure U). An analogous complex was one of the 
products Isolated from the reaction of dlphenylacetylene with Fe(CO)s.a?
Perhaps the most Interesting reaction product Involving di­
pheny lacetyLene derivatives Is the complex formulated as Fe?(CO)e- 
(dlphenylacetylene)^. (see Figure )̂ . However degradation studies have 
shown that the two dlphenylacetylene molecules have dlmerlzed and that 
the two Iron atoms are bound In different ways In the molecule. There­
fore, the structure advanced indicated that one Fe(CO)3 fragment was 
bonded to the TT system of the metallacyclopentadiene ring formed by 
1 ,lt-addltIon of the remaining Fe(CO)3 fragment to the tetraphenyl- 
butadlene species.44
Acetylenes react readily with Co^fCOJa at room temperature 











(see Figure 6) in which the acetylene is bonded perpendicularly above 
the cobalt-cobalt axis, in a fashion similar to the peak of a roof 
relative to the sides of a house.90 Such an orientation enables the
orbitals to become involved in bonding. One of the degenerate pairs 
of orbitals is associated with each cobalt atom. At the same time, 
after formation of a cobalt-cobalt bond, the effective atomic number 
(10) of each cobalt atom is equivalent to that of the next inert gas, 
krypton.
lene complexes of cobalt indicated that an Increase in the Tf-acceptor 
power of the acetylene increased the stability of the complex.
Moreover, when these cobalt complexes were Involved in acetylene dis­
placement reactions, similar to those performed on the platinum acety­
lene complexes, TT-acldities of ligands determined in the cobalt com­
plexes followed the trends established earlier in the platinum work,ey 
The mono-acetylene complexes described above apparently 
undergo further reaction with the same or dissimilar acetylenes to 
give complexes of the type Co(C0)2(L1)(L2)^ where L1 and L2 are acety­
lenes, the same or dissimilar.70’71 Degradation of these products 
with bromine liberated substituted benzenes. When the acetylene em­
ployed was L-phenylpropyne or phenylpropiolic ester (Me or Et), sym­
metrically substituted benzenes were obtained. However, when tert- 
butylacetylene was employed in the reaction, 1,3,U-trl-tert-butylbenzene 
was isolated. This was significant, because It constituted the first 
synthesis of a benzene derivative containing ortho-tert-buty1 substi­
tuents .70(71
acetylenic orbitals from both bonding and the antibonding
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The presence of a TT-Cp ligand tn the starting material sub­
stantially changes the reaction product. For example, when the com­
plex TT-CpCo(CO)? is treated with C4Fa, dimerization of the acetylene 
and carbonyl transfer result in the formation of a IT-bonded cyclopenta- 
dienone ligand, which give the product being Co(Cp)(CaFipCO)7£ (see 
Figure 7).
The in situ preparation of a dlphenylacetylene complex by 
the reduction of iT-CpCoIpfPh^P) with isopropylmagnesium bromide has 
been reported. Such a reaction usually affords TT-CpCo(Me)p{Ph3P). 
However, in the presence of dlphenylacetylene, TT-CpCo(Me)^(Ph^P) reacts 
to form a green crystalline complex, TT-CpCo(Ph3P) (Ph-C^C-Ph) . 73
Further reaction of the mono-acetylene complex with diphenyl- 
acetylene at 80° C gave a red-brown air-stable complex, formulated as 
TT-CpCo(Ph3P) (Ph4C4-l ,l+-disigma) (see Figure 8). In this complex, the 
two dlphenylacetylene molecules and the cobalt form a metallacyclo- 
pentadlene ring, with cobalt sigma bonded to the tetraphenylbutadiene 
fragment. Further refluxing of this compound in benzene with diphenyl- 
acetylene produced hexaphenylbenzene. Treatment of the complex with 
CO at 100° C under pressure produced tetracy lone.73
Although oleflnic ligands often result from the reaction of 
acetylenes with transition metal substrates, rarely are acetylenic 
ligands synthesized from oleflnic starting materials by reactions with 
transition metal complexes. One glaring exception is observed in the 
formation of the complex Cos(C0)e(CgFe) by displacement of two fluorine 
atoms from octafluorocyclohexa-1,2-diene *n reaction with Coa(C0)B (see 





Structure of TT-CpCofCeF ipCO)
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c 6 h 8 C6  H5
C 6  H5
FIGURE 8 







complexes, Co(CO)e(RCpR), and the X-ray structure determination con­
firmed the "rooftop" orientation of the acetylenic bond; the rest of 
the 5 >bi5,6 ,6-hexafluorocyclohexa-l-yne-^-ene ligand was oriented 
away from the cobalt-cobalt axis.73
III. A REVIEW OF DCNA CHEMISTRY
A. Physical Properties of DCNA
Dicyanoacetylene was first reported by Moureu and Bongrand 
in I909.70 After several fragmentary reports,77-79 a comprehensive 
report on their cyanocarbon work appeared in I92O .90 Included in the 
latter was a variety of experiments directed toward the measurement 
of a number of the physical properties of DCNA. Although the techni­
ques of the time were cruder than those of today, many of their measure­
ments were quite good and, In some cases, not very different from the 
values accepted today. The physical properties of DCNA are summarized 
in Table I.
Lacking the structural knowledge available from X-ray dif­
fraction data, Moureu and Bongrand were not inclined to argue that 
molecular geometry and dipole moment strongly Influence physical pro­
perties. These authors presented an entertaining argument that the 
boiling point of a compound was directly related to the number of dif­
ferent types of atoms in the compound. By this reasoning, one would 
explain the low boiling point of*DCNA (76° C) In comparison with that 
of fumaronitrlle (186° C) and that of Buccinonltrile (£66° C) as a 
function of the presence of only two types of atoms In DCNA, whereas 
both fumaronitrlle and succlnonltrlle contain a third type of atom, 
hydrogen, which raises the boiling point.
Although they defended their position vigorously and cited 
many examples, arguments explaining the unusual properties of dlcyano- 
acetylene based on the X-ray crystal structure determination (performed
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TABLE I
SOME PHYSICAL PROPERTIES OF DICYANOACETYLENE
Property Reference
Formula C4N2 80
Molecular Weight 76 (m/e) 87
Hoi 1lng Point 7 6 . C 90
Melting Point 20.5° C 90
Density 0.9705 g/ml (djp) 90
Symmetry (molecular) D°°h 81
Bond Lengths: C^H “ 1 .1h
c^c - 1.19 £ 




Refractive Index 1.1*61*71 (N^) 80
Heat of Formation +127.5 Kcal/mole 89
Heat of Combustion -U96.8 + 0.2 Kcal/mole 89
52
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52 years later) are currently more convincing.81 The latter work re­
vealed that DCNA Is a perfectly linear molecule (D^ point group), with 
two molecules per unit cell, which has a center of synmetry. Near 
5° C, DCNA forms roonoclinic crystals belonging to the space group
Ci_ - P2® Unit cell dimensions are: aQ - 8.93, b0 * 6.0I4, cQ - 5.86 2n 1
(distances in Angstroms), B ■ 99° 20’■ Bond lengths of DCNA and
similar molecules are shown in Table II. The density of solid DCNA
was calculated to be 1.2 g/ml at 5° C on the basis of the X-ray
crystal-structure study.
A detailed study of the ultraviolet absorbtion spectrum of
DCNA showed two band systems, found at 35*700 (e = B.^) and 37,300max
(e - 171) cm-1. These band systems were assigned to the transi- tn&x
tions -*■ and -» ^A , respectively.02g o  g ^
The spectrum appears to be very complicated as a result of 
the coupling of the vibrational states with the electronic states. 
Vibronic coupling also permits the otherwise unallowed transition to 
the state to be observed.
Nine fundamental vibrations of DCNA have been assigned (as 
shown in Table III) on the basis of repeated, careful studies of the 
infrared and Raman Spectra of DCNA. An error in the original assign­
ments was corrected in later work done with better equipment.83-05
Sagglomo has studied the temperature dependence of the vapor 
pressure of DCNA in both the solid and liquid states. The results of 
this study indicate that dicyanoacetylene possesses a triple point at 
approximately 20° C and 120 mm Hg.0° The following equations express 
the vapor pressure as a function of temperature:
TABLE II
BOND LENGTHS OF SOME LINEAR MOLECULES
CN C-C CaC Reference
DCNA 1.11* 1.37 1.19 a
Cyanoacetylene 1.10 1.58 1.20 b
Cyanogen 1.1'; 1.58 ---- c
DI acetylene ---- 1.56 i.iy d
a. R. B. Hannan and R. L, Colin, Acta. Cryst. 330 (1905).
b. A. A. Westenburg and E. B, Wilson, .J. Am. Chem. Soc. '{2, leJlJ (ly^O).
c. A. Langseth and C. K. Moller, Acta. Chem. Sc and. 725 (ly^O).
d. L. Pauling, H. D. Sprlnghall , and K. J. Palmer, J. Am. Chem. Soc.
01, 027 (1950).
TABLE III
FUNDAMENTAL VIBRATIONAL FREQUENCIES OF DICYANOACETYLENE
Spec ies NotatIon
(Band type) 
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Solid: Log1n P - 10.0115 - (2512/T°K)iu mn
Liquid: Log.. P - 6.U3O8 - (1093. li/T0K) - ( 5l , Y07/T°K)£.IU mn
From the above equations, several enthalpies of phase tran­
sitions have been calculated for dicyanoacetylene, and these are listed 
below:
AH (Sublimation) ■ 10.575 kcal/mole 
AH (Vaporization) ■ 6.875 kcal/mole
AH (Fusion) * 3-700 kcal/mole.
In the ion beam of a mass spectrometer, DCNA generates a 
spectrum in which the parent peak, resulting from ionization of C4N̂ > 
to 0^2*, is the most Intense. The enthalpy of formation of C4N2+ was 
calculated to be 391 kcal/mole. This value assumed 128 kcal/mole to 
be the heat of formation of gaseous DCNA.07
Kreevoy has compared a variety of acetylenes which have sub­
stituents with conjugated TT-orbital systems.08 With calculations based 
mainly on heats of hydrogenation, Kreevoy maintained that dicyano­
acetylene possesses a resonance energy of 23 kcal/mole, which was the 
largest resonance energy of all acetylenes measured. By comparison, 
the resonance energies of dlphenylacetylene and acetylenedicarboxylie 
acid were measured to be 11 and 12 kcal/mole, respectively.
Forty years after the thermochemlcal studies of Moureu and 
Bongrand, Armstrong and Marantz recalculated the heat of formation of 
dicyanoacetylene and found a discrepancy of about 10 kcal/mole between 
the new and old values.69. The best available data indicate that the 
enthalpy of formation of gaseous DCNA is 127-5 kcal/mole. This result 
is based on a value of -L96.8 + 0.2 kcal/mole for the heat of combustion
yf
of liquid DCNA with oxygen, as shown by equation
N C - C C - C N  + h0;. -» N;> + JtCOp (!')
Moureu and Bongrand obtained a value for the heat of combustion of 
DCNA that was about i+'jt smaller.
Using the following thermochemical derivation, Armstrong 
and Marantz calculated the total binding energy of DCNA to be fSj.' 
kcal/mole. H:*
AK/,Jm (liq) combustion (DCNA) + 0..J kcal/mo i e
AH sun (formation) C0;, - 'Jh.-.v. kcal/mole
ah/,;)m (formation) (DCNA)(liq.) +1£*>. u kcal/mole
AH^,n (vaporization)(DCNA)(1iq.) o.y k c a1/mo i e
AHpum (formation) (DCNA gas) +i;*f. kcal/mole
AH'^h (formation of C atoms) l kcal/mole
A H ^ h (formation of N atoms) n;_v^ kcal/mole
AH’p3a (DCNA total binding energy) kcal/mole
As a result of the high endothermic heat of formation and
the great stability of the combustion products, DCNA possesses the 
distinction of producing the hottest flame ever attained by means of 
chemical fuels.lKJ At one atmosphere pressure, burning DCNA with 
oxygen produces a flame temperature of 5261° K, When ozone Is substi­
tuted for oxygen under the same conditions, the flame temperature 
reaches bblb0 K.J1 Even hotter flames are obtained when reactions are 
performed at constant volume and high pressure. For example, at ItO.ilc’ 
atmospheres DCNA reacts with 0£ or 03 , producing flame temperatures of 
'jlUtt and 6100° K, respectively.92
3B
Using a modified LCAO-MO approach, Moffat calculated 
mobile bond orders and TT electron densities for dicyanoacetylene.33 
Values quoted below apply to the XZ plane but are degenerate for the 
YZ plane; Z is the molecular axiB. The following diagram displays 
the calculated values of TT electron densities and mobile bond orders:
N ̂ C i Cp C3 C 4
1.29 0.772 0.941 0.941 0.772 1.29 TT-densities
0.M90 O.563 0.870 O.363 0.896 Mobile bond
orders
Other properties of dicyanoacetylene which have been investi­
gated include molecular refraction,34 magneto-optical properties,35>°6 
molecular polarizability,97 toxicity,30 and lifetime in space.33 These 
will not be discussed, but they are included In the bibliography for 
the sake of completeness.
B. Preparative Methods for Dicyanoacetylene
Until very recently, the only satisfactory method for the 
preparation of dicyanoacetylene consisted of the reaction sequence 
described by Moureu and Bongrand in their sunmary of cyanocarbon re­
search in a publication in 1920.80 The reaction sequence employed 
constituted a series of steps that are today classical organic syn­
thetic procedures In the moat literal sense; all but the final two 
steps in their synthesis of DCNA have been developed into model re­
actions described in Organic Syntheses and are shown in Table IV. In­
cluded also in the table are two additional reactions which describe 
the preparation of fumarlc acid from furfural, and furfural from the
TABLE IV
CLASSICAL ORGANIC PREPARATIVE ROUTE TO DICYANOACETYLENE







I 1*0% KOH in C^H^OH 
Acetylenedicarboxylie Acid, (C4H204).(*
I CH3OH-HCI
Dimethyl Acetylenedicarboxylate (DMCA), (c6HQ04).e 
1 NHa'H^O
Acetylenedicarboxamide, (C4H40pNp).̂
Dicyanoacetylene (DCNA) , (C4N^).®
a. Org. Syn., Coll. Vol. I, 2Jk (I932).
b. Org. Syn. , Coll. Vol. II, 302 (19^5).
c. Org. Sjfn., Coll. Vol. XI, ITT (19̂ +3) -
d. Org. Syn. , Coll. Vol. II, 10 (191*3).
e. Org. S^n. , Coll. Vol. IV, 329 (I963).
f. A. J. Saggiomo, J. Org. Chem. . 22, 11T1 (195?)■




pentose polysaccharides found in natural products such as corn cobs. 
With regard to the last two reactions mentioned, it is interesting to 
note that only seven synthetic steps separate one of the most familiar 
natural products from one of the most extraordinary molecules ever 
prepared and characterized.
The only improvements which have been introduced into the 
synthetic scheme of Moureu and Bongrand involve advances in the quality 
of apparatus and reaction technique; these improvements are discussed 
in the Experimental Section of this Dissertation. Nevertheless, the 
method of Moureu and Bongrand remains the only convenient laboratory 
method for the synthesis of DCNA that does not require specially de­
signed equipment.
All attempts to modify the reaction sequence shown in Table IV 
by varying the acetytenic starting material have failed.100*101 The 
reaction of cyanogen (CgN^) with dilithiumacetylide (Li-C^-Li) would 
constitute an elegant synthetic method if it were possible to remove 
the DCNA as soon as it was formed in the reaction mixture. Unfortu­
nately, all attempts to prepare DCNA in this way, or with an analogous 
Grignard procedure, result only in dark tars,100
Although the following method does not constitute a very 
satisfactory preparative method, it does represent the first successful 
variation developed for the synthesis of DCNA. Martin has developed a 
process for dicyanoacetylene involving the pyrolysis of chlorocyano- 
olefins of the type Cl(CN)C"C(CN)C1.102 The major disadvantage of 
this procedure is that there are multiple products of the pyrolysis; 
the pyrolysis products must be separated in order to obtain a usable 
sample of DCNA* Moreover, the yields are poorer than 20%.
u
Recently, Clganek and co-workers developed an Improved pyrolytic 
synthesis of DCNA in which ' , Jj-dicyano-2 , ‘,-dlthla-^-cyclopentenone 108 *104 
is pyrolized. This process is easily the most efficient, least expen­
sive, and safest to operate of all methods known to date for the pre­
paration of dicyanoacetylene. Because there were no alternative syn­
thetic methods available when this work was begun, all of the DCNA 
prepared for the experimental work described in this Dissertation was 
prepared by a modification of the method of Moureu and Bongrand. How­
ever, it is strongly recommended that the method of Clganek be employed 
for future preparation of dicyanoacetylene.
The starting material for the pyrolysis, j , li-dlcyano-2 , 
dithia-5-cyclopentenone is easily prepared by reacting the disodium 
salt of 1̂2-dicyanoethylenedithiol with phosgene in aqueous alkali at 
0-^J C.iQ3. 1,^-Dicyanoethylenedithiol is easily obtained from the reac­
tion of sodium cyanide and carbon disulfide in refluxing acetone.105-108 
The preparation of 5 ,ii-dicyano-2,l?-dithia-5-cyclopentenon« can be per­
formed with the crude disodium 1,2-dicyanoethylenedithiol; the overall 
yield is ^-57$, based on the initial amount of NaCN used. In the final 
reaction, pyrolysis at 600-000° C, the yield can vary from about uO-751̂ 
(significantly better than the l^-ltO^ obtained frotn the method of Moureu 
and Bongrand) and the DCNA produced is easily purified from the other 
reaction products, sulfur, CS&1 and COS. The only real difficulty in 
this process arises In the initial assembly of equipment and construc­
tion of the apparatus.
There is only one other synthesis of DCNA, and this method in­
volves even cheaper starting materials, but even more expensive and
complicated apparatus. This process involves the direct synthesis of 
dicyanoacetylene from nitrogen gas and carbon (graphite) in a high 
energy environment,109 Nitrogen is introduced at the top of a silica 
reaction tube equipped with a reflection prism at the top to measure 
the brilliance of the sample of graphite. The graphite Is placed in 
the center of the silica tube and heated to 5 ,000° C with an induction 
heating coll, powered by a high voltage source. The optimum yield of 
DCNA is produced when the nitrogen flow rate is 1'; cm3/sec. Due to 
the complicated nature of this equipment, and the technique necessary 
to operate it effectively, this procedure is Impractical in most 
laboratories. However, this procedure could be operated industrially 
if DCNA synthesis were to prove conmercially valuable. The description 
of this process is included here to emphasize the chemical simplicity 
of this method in contrast to the other methods mentioned.
C. Reaction Chemistry of DCNA
As mentioned previously, the greater the electronegativity 
of the substituents, the greater the reactivity of the acetylenic bond. 
In view of the high electron-withdrawing power of the two CN groups 
in the DCNA molecule, it follows that most of the reaction chemistry 
involves nucleophlllc attack on the electron-deficient triple bond by 
electron rich molecules. As stated from the opposite chemical pers­
pective, it is expected that the acetylenic bond in DCNA will show 
exceptional electrophilic behavior. Data do indeed confirm this 
hypothesis. Moreover, all reactions of DCNA reported deal with reac­
tions of the carbon-carbon triple bond. The relatively very stable
^5
CN bond Is not known to undergo any reactions except hydrolysis under 
vigorous conditions in alkaline solutions.
In order to simplify the review of DCNA reaction chemistry, 
the discussion will be divided into three parts: 1. eyeloaddltions,
2. polymerizations, and 3* additions of inorganic reagents.
1. Cycloadditions
In reactions of the Diels-Alder type, dicyanoacetylene has 
been found to be an exceptionally reactive dienophile. Blomquist and 
Winslow initiated the study of DCNA cycloadditions while attempting to 
synthesize insecticides more effective than pyrethrum.110 Their in­
vestigation involved the reaction of a series of dienophiles such as 
maleic anhydride, maleonitrile, fumaronitrile, and dicyanoacetylene 
with dienes such aa cyclopentadiene and diphenylfulvene. The reaction 
of DCNA with cyclopentadiene leads to the formation of a product 
bearing the formula CgHoN^, which was characterized as 2 ,3-dicyano- 
bicyclo[2.1.2 ]heptadiene-2,
Almost two decades after the publication of the above paper, 
the study of DCNA in cycloadditions was reinitiated by Weis.111-113 
The first two of these papers focused on the reactions of acetylenes 
such as DCNA, hexafluorobutyne, and di(methoxycarbony1)acetylene with 
substituted furans In detail. The result of this study significant to 
the present work was the discovery that the Initial adduct of DCNA with 
furan, 1,^-epoxy-2,3~dicyanocyclohexa-2,5-dlene, reacts with another 
mole of furan to produce 1 ,U, 5 ,8-diepoxy- ha ,8a-dicyano-1, h ,̂ ta, 5 ,B ,8a- 
hexahydronaphthalene. This result contrasts sharply with other results 
which indicated that furan is a relatively unreactlve diene.*14
The contrasting results may be understood in terms of the 
extreme activation experienced by an acetylenic or olefinic bond when 
substituted by two cyano groups.
In his third paper, Weis expanded his study of DCNA cyclo- 
additlons from furan systems to a) anthracene, b) 1,j-cyclohexadlene, 
c) butadiene, d) bicycloheptadiene, e) cyclooctatetraene, f) durene, 
g) benzonitrileoxide, and h) diazomethane. J The reaction products 
of these compounds with DCNA were found to be the following compounds 
respec t ively:
a. 11,12-dicyano-9.10-d ihydro-9,10-ethenoanthracene
b . 2 , 5-dicyanob icyclo[2.2.2]oc ta-2 , ‘,-diene
c . 2,5-d icyanocyclohexa-2 ,5-d iene
d . 6,7-dicyanotetracyc lo[3 .2.1.13,0.Op ’ ̂ Jnon-fj-ene
e . 7,8-dicyanot ricyc lo[^. 2. 2.0s*' ̂ Jdeca- 3 ,7 ,9* tr i ene
f . 2 ,5,9 ,(j-tetramethyl-7,B-dicyanobicyclo[2. 2. 2]octa-2, 9 ,7-triene
g. Jj-benzo-2,3-dicyanoisoxazole
h. N-methy1-3,U-dicyanopyrazole
At the same time, Weis made the point that the electron density 
of the substituted double bond in the hexafluorobutyne adduct with furan 
was not sufficiently low to serve as a dienophile, because it failed to 
add a second mole of furan to form the tetracyclic structure. Although 
DMCA and acetylenedlcarboxylic acid undergo the second addition of 
furan, this second step occurs only at significantly higher temperatures 
than those necessary for the DCNA reaction.113
Contemporary with Weis, Cookson and Dance studied the pre­
paration of some of the same DCNA adducts and obtained analogous results
b'j
from their experiments. In addition, Cookson and Dance reacted DCNA 
with naphthalene, o-dimethoxybenzene, and dimethylfulvene.115»116
The reaction of DCNA with ^-dimethoxybenzene is particularly 
interesting because a direct monoadduct is not isolated. Rather, he 
product is 5-methoxyphthalonltrlie, resulting from the elimination of 
methoxyacetylene from the initial adduct. Such a reaction sequence 
represents the Diels-Alder addition of a strong dlenophile (DCNA) and 
subsequent elimination of a weak dlenophile, methoxyacetylene, in a 
retro-Diels-Alder reaction.
The naphthalene reaction deserves cormnent because it further 
illustrates a trend in addition to aromatic systems; the minimum aro- 
maticity is sacrificed in the formation of the two carbon-carbon sigma 
bonds. This concept was first demonstrated by the addition of DCNA 
across the 9 and 10 positions of the anthracene nucleus .113 1 11,J > 110 
The anthracene ring system react3 quite differently when the ') and 10 
positions are substituted with phenyl rings; in that case the center 
ring becomes relative inert, and cycloaddition of DCNA may occur on 
one or both rings to give both a 1 ,1 roono-adduct and a 1 ,1+, “j ,H bis- 
adduct.117 Furthermore, Rlgaudy and Ricard report that after reduction 
of the unsubstituted double bonds on the outer rings, the ethylenic 
bridges may be thermally cleaved to yield 2,3,6,7-tetracyano-9,10- 
diphenylanthracene. In an analogous manner, 2,3-dicyano-9,10-diphenyl- 
anthracene can be prepared from the mono-DCNA adduct.
If DCNA 1s reacted with 1 diphenyl naphtha lene , again addi­
tion takes place only across the unsubstituted ring to form 6,7-dicyano- 
5,8-etheno-5 ,8-dihydro-1,4-diphenylnaphthalene.118 Again, reduction of
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the bridging, unsubatituted double bond allows easy thermal cleavage 
of ethylene and results in the formation of 6,7-dicyano-I,̂ -dipheny1- 
naphthalene.
Examples of Diels-Alder additions to monocyclic aromatic 
hydrocarbons are scarcer than those to polycyclic hydrocarbons. Never­
theless, benzyne, hexafluorobutyne, and dicyanoacetylene have been 
successfully reacted with benzene.113 The reaction was found to be 
strongly accelerated by the presence of aluminum chloride. Conversely, 
aluminum chloride was not effective in catalyzing the addition of DCNA 
to either chlorobenzene or anisole, nor in promoting the addition of 
cyanoacetylene, di(methoxycarbonyl)acetylene, or hexafluorobutyne to 
benzene. The authors of this article proposed that DCNA forms a com­
plex with aluminum halides which facilitates the Diels-Alder addition 
to benzene.113 If this proposition is correct, and one presumes elec­
tron donation from DCNA to AlX3 , the reaction would constitute the 
first example of DCNA as an electron donor. The reaction Is unusual 
because both of these molecules are generally considered to be strong 
Lewis acids. However, if this phenomenon does occur, the bonding from 
DCNA to the aluminum most likely involves sigma donation from the 
cyanide nitrogen's lone pair, exposed on both ends of the molecule, to 
the empty aluminum sp3 hybrid orbital.
Although the reaction of DCNA with benzene produced the com­
pound 2,3-dicyanobicyclo[2.2.2]octa-2,5,7-triene in 6}$ yield, Clganek 
also reported the production of phenylmaleonltrlle and 11$ phenyl-
maleonitrile and attributed these products to conventional Frledel- 
Crafts acylation.lie
1+7
An alternative to the pure Friedel-Crafts mechanism for the 
reaction producing the vinylbenzenes consists of the possibility that 
these products are formed from the bicyclic principal product through 
a rearrangement catalyzed by the aluminum halide.
The reaction of DCNA with bicyclo[2,1.0Jpentene produces a 
mixture of the eyeloaddition compound and the vinylcyclopentene. More­
over, in this case the predominant product was found to be the cyclo- 
penteny lmaleonit ri le {> 58$) rather than the 2, Vdicyanobicyclo~ [2. 2.1 ]- 
hept-2-ene. In contrast, the reaction of bicyclopentene with DMCA 
produced mainly the eyeloaddltion product, 2,3-di(methoxycarbony1)- 
bicyclo[2,2.1]hept-2-ene (75$) and only of the dimethyl 2-cyclo-
pentyIsucclnate.120'121 However, it must be noted that the latter 
reaction was performed at higher temperature (100° C). Approximately 
equivalent rate constants were found in the reactions of bicyclopentene 
with dicyanoacetylene at 55° C, di(methoxycarbony1)acetylene at 10O° C, 
and propiolate esters (methyl and ethyl) at 1^5° C. In contrast, hexa- 
fluorobutyne failed to react with bicyclopentene at 100° C.
Coupling the above data with the added observation that the 
reaction rate showed a negligible solvent effect, the authors concluded 
that the reaction must proceed through a diradical intermediate. Gassman 
and Mansfield negate the idea of a concerted multicenter reaction with 
the logic that two different transition states would have to exist to 
account for both the bicyclic adduct and the vinylcyclopentenyl product. 
Moreover, they reasoned that the relative population of each of the 
two transition Btates should produce some solvent dependency in the 
rate constant of formation of the two products, and thereby affect the
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the product ratio. Since the product ratio shows no solvent depen­
dency, the authors take this result as further evidence for the di­
radical mechanism. It appears that they have rejected the possibility 
that the initially formed bicyclic adduct could rearrange to the vinyl- 
cyclopentenyl product. If the transition state for the rearrangement 
involves minimal charge separation and low activation energy barrier, 
the rearrangement could proceed with negligible solvent dependence.
In consideration of all of the facilitating factors, the concerted 
mechanism incorporating an intramolecular rearrangement of the bicyclic 
adduct seems more reasonable than does the dlradical mechanism. In 
any case, the authors did not prove that the vinyl product did not re­
sult from rearrangement of the cycloaddition product during the vapor 
phase chromatographic analysis. Further work will be necessary to 
settle this point.
The reaction of DCNA with bicyclo[2.2 .2]octa-2,5,7_trlene 
(barrelene) at room temperature afforded a unique product, a 1,5 
adduct in 95$ yield. Under pyrolytic conditions, 100° C for ^.5 hr., 
the barelene adduct rearranges principally to 1,2-dicyanonaphthalene 
with accompanying loss of two H atoms. Essentially the same results 
are obtained from the reaction of DMCA with barelene, except that re­
action temperatures are higher and yields are lower.
2. Polymerizations
Although it was recognized in the earliest work of Moureu and 
Bongrand that DCNA reacts with aqueous alkali to form a brown tar,RO 
many years passed until the chemistry of this reaction was correctly
expl ained to be a base-catalyzed polymerization.122 When the reaction 
was finally studied in detail, the emphasis of the work centered 
around the search for an organic semi-conductor similar to the material 
known as the "black orlon". The "black orlon" polymers that have the 
highest solid state conductance must be prepared by pyrolytic degrada­
tion of linear macromolecules at too-'/JO° C (sometimes only In the 
presence of mineral salts). It was hoped that black orlon type mater­
ials with better defined structures might be obtained by the catalytic 
polymerization of suitable monomers such as DCNA. The shape and vol­
ume of the nitrile group Is exactly compatible with a fully planar con­
figuration of the polymer, which is necessary for perfect conjugation. 
Benes and co-workers Investigated the catalytic polymerization of DCNA 
with anionic catalysts such as butyl1ithium, butylmagnesium bromide, 
lithium diphenylcarbonylate , and lithium naphthalenidt. These re­
agents reacted with DCNA to form black soluble polymers (presumably 
anions of polyeyanopolyenea) with measured molecular weights between 
MX) and 500. Although the butyl group was incorporated into the 
polymer when butyl1ithiura was the catalyst, lithium naphthalenide and 
lithium diphenylcarbonylate initiated polymerization by electron transf 
and were not Incorporated Into the polymer. Although the reactions 
are exothermic, large amounts of catalysts are required and the degree 
of polymerization is relatively low. This result is in accord with 
Berlin's Hypothesis that in the growing conjugated system, gradual 
degeneration of the active center occurs as a result of resonance 
stabilization. This hypothesis is consistent with results obtained 
from studies of the polymerization of other acetylenes.123
The infrared spectrum of the polymer showed the presence of 
large numbers of free cyano groups. Consequently, cyclopolymeriza- 
tion to a structure analogous to the "black orlon" structure did not 
take place to a large extent during polymerization, nor during subse­
quent heating to 200° C. However, prolonged heating at higher tempera­
tures produced irreversible changes in the polymer that were accompanied 
by gains in conductivity. Specific resistance values varied from 
109-101£> ohm-cm, depending on the method of preparation.
Poly-DCNA is paramagnetic and exhibits an ear spectrum com­
posed of a single line at It3 G, with a width of about 7 Gauss and an 
intensity corresponding to 10ia-10i9 free spins per gram.
In an attempt to reproduce the work of Benes and co-workers, 
Byrd, Klelst and Rembaum investigated anionic, radical and copolymeri­
zation of DCNA with styrene. Although the quality of their polymer 
chemistry appears to be considerably inferior to that of Benes, êt al. , 
they did adapt the rotary evaporator apparatus for the preparation of 
DCNA in the course of their work.100*101 Byrd, e_t *»1. , could not 
prepare DCNA polymers with a specific resistance lower than 10i3 ohm-cm. 
From their experiments with copolymerization of DCNA and styrene, Byrd, 
£t̂  a_l. , concluded that DCNA does not homopolymerize readily, whereas 
styrene does so very readily. Consequently, the dark DCNA polymers 
will necessarily have a low molecular weight. One may expect the DCNA 
radical to add DCNA monomer at least once or twice. Then the chain 
terminates or adds styrene before terminating. The polymers obtained 
by Byrd, £t Ail. , were found to have molecular weights ranging from 200 
to 1(00.
3. 1 ,2-Additions of Inorganic Reagents
Moureu and Bongrand were first to study DCNA reaction chem­
istry.”0 They suninarlzed their experimental results with the following 
statement: "The sub-nitride of carbon enjoys a remarkable chemical
activity. It reacts sometimes very energetically, and most often with 
great cleaness with the most diverse substrates; halogens, hydrohallc 
acids, alkalis, amines, alcohols, etc." It Is still generally observed 
that DCNA generally undergoes exothermic reactions, and often forms 
only one product. The most prominent contradiction to the unique 
product principle involves base catalyzed polymerizations. In their 
only experience with this type of reaction, polymerization of DCNA by 
aqueous sodium carbonate, Moureu and Bongrand reported only that a 
black solution formed, that the temperature increased from 3 0 C to 
^‘j°C, and that the product contained cyanide because it decolorized 
Prussian blue.
Concentrated nitric and sulfuric acids simply dissolve DCNA 
with no apparent change in color. Moreover, the odor of DCNA persists 
in concentrated sulfuric acid for several days, while in concentrated 
nitric acid, the odor disappears in a few minutes.
Moureu and Bongrand found that DCNA will add one mole of 
bromine in the course of three days' exposure to diffuse light. How­
ever, they did not isolate the product, which they claimed to be 1,2- 
dibromo-1,2-dicyanoethylene.
Perhaps most misinterpreted among Moureu and Bongrand*s ex­
periments was the reaction of DCNA with aqueous silver nitrate. The 
formation of a white precipitate Immediately upon mixing the reactants
was taken as an indication of the formation of sliver cyanide (AgCN). 
However, this idea seems rather improbable in view of the extreme 
stability and solubility of the ion Ag(CN)^ , which could result from 
a second reaction. More probably the precipitate was a silver- 
dicyanoacetylene complex, possibly polymeric in nature. Moreover, 
aqueous lead(ll) nitrate failed to react under analogous conditions.
No elemental analyses were performed on the silver-DCNA precipitate.
In general, when DCNA is treated with an alcohol or amine 
(primary or secondary), the product will be an olefin resulting from 
1,2-addition across the acetylenic bond. The same pattern holds for 
the hydrohalic acids. Moureu and Bongrand isolated compounds corres­
ponding to mono-adducts of DCNA with RBr, HI, methanol, ethanol, piper- 
dine, diethyIamine, benzylamine, and aniline.30 Hydrolysis of those 
products (which correspond to eneamlnes or vinyl ethers) produced a- 
ketosuccinonitrile and the corresponding amine or alcohol. Ammonia 
reacted violently with DCNA, producing an intermediate with empirical 
formula C4H3N3 , which decomposed to form ammonium cyanide and anvnonium 
cyanoacetate on treatment with water. In contrast, Moureu and Bongrand 
were not able to isolate the HCl adduct. Rather, they obtained a 
product with the empirical formula C^NeHsOCl, to which they attributed 
the structure CNC(Cl)-CH-CO-NHp.30
Since some of the work described above was performed before 
the advent of modern structural tools, such as Infrared and nmr spec­
troscopy and X-ray analysis, it must remain suspect until it is repeated 
using modern techniques of structure determination. Actually, some of 
Moureu and Bongrand's work has been repeated. Weis prepared the aniline
55
and benzylamine adducts of DCNA and determined the products to be 
N-phenyl-N{1,2-dicyanoetheny1)amine and N-benzy1-N(1,2-dicyanoethenyl)- 
amine, respectively.113 More recently, Winterfeld, Krohn, and Preuss 
determined that the addition of methanol, 2-propanol, and piperidine 
to DCNA occurred to give predominantly cis 1,2-addition.1£4 Presum­
ably, steric effects inhibit the addition of tert-butyI alcohol, and 
this reaction must be catalyzed by a weak base such as N-methylmorpho- 
line. Even then, the reaction proceeds onLy under more drastic condi­
tions, and isomerization to the trans adduct is appreciable. Also, 
the yield is poor.
The same authors have studied the addition to the triple 
bond in dimethyl acetylenedicarboxylate (DMCA) and report that these 
additions take place only at much higher temperatures (Ly)-200° C) 
than those required for the DCNA reactions (20-^0J C).
DCNA reacts with tertiary alkyl or aryl phosphines to form 
multiple products. Reddy and Weiss reported that both DCNA and TCNE 
reacted with triphenylphosphine to form the heterocyclic phosphole 
structure composed of two cyanocarbon units and one triaryl phosphine 
m o l e c u l e . T h e  notion that the product formed was cyclic was later 
refuted by others.iac Rather, the latter group interpreted the re- 
suits In terms of linear phosphoranes. Not only did Shaw and Tebby 
isolate the orange compound prepared by Weis and Reddy, but they also 
Isolated a purple compound. The former was declared to be a 1,U- 
diphosphorane composed of two tertiary phosphines and two dicyano- 
acetylenes (see Figure 10). The latter was assigned the structure cor­
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trimer of DCNA, capped on both ends by a tertiary phosphine, Both of 
these compounds have been isolated in the course of the research per­
formed for this Dissertation. Whatever the structure of these products 
it seems most reasonable to interpret the reaction as a DCNA polymeri­
zation, catalyzed by the basic lone pair of the phosphorus atom in 
triaryl- or trialkylphosphines. Termination of the polymerization by 
another molecule of triphenylphosphine seems improbable. However, 
reactions conditions, including the concentration of triphenylphosphine 
do affect the overall color and crystallinity of the product. These 
DCNA-trlphenylphosphine adducts will be mentioned in subsequent sec­
tions of the Dissertation, because they were observed many times in 
reactions of DCNA with transition metal complexes containing tertiary 
phosphines.
Weis found that HgCl£ reacted with DCNA to form the complex 
bis(?-chloro-1,2-dicyanoetheno)mercury(II).113 The product was ob­
served as a yellow precipitate after the reactants had been shaken for 
20 minutes at room temperature.
DCNA undergoes hydrostannation on treatment with trlalkyltin 
hydrides , lST Forming a single product, (_trans-1,2-d icy anovinyl) tri­
alky It in, [R3SnC(CN)*CHCN], where R ■ methyl or ethyl. In contrast, 
DMCA forms both the cla and trans products. In the nmr spectrum, the 
vinyl proton absorption is found centered between 6. and 6.75 PP10 
downfield from TMS in the compound (CH3)3SnC(CN)-CHCN. The chemical 
shift varies within this range toward lower field in more polar solvent
D. Previously Studied Reactions of DCNA with Transition Metals
When this research was begun, no report of reactions of DCNA 
with transition metal substrates was to be found in the literature. 
Since that time, DCNA-transition metal complexes have been featured 
in three publications.
The most significant of these papers is the report by Dickson 
and Yawney of the reaction of DCNA with dicobalt-octacarbony1 . The 
red, crystalline reaction product was isolated and characterized to be 
hexacarbony1-^rdicyanoacetylenedicobalt. The infrared spectrum is 
consistent with the usual "roof top" structure found for hexacarbonyI- 
alkynedicobalt complexes (see Figure 6), The infrared spectra of 
related M (CO)^L compounds are often interpreted in terms of relative 
donor-acceptor properties of the ligand L on the variation in the 
positions of the carbonyl stretching f requenc ies .
Applying this technique to this series of cobalt compounds, 
Dickson and Yawney listed the relative acceptor strengths of several 
alkynes in decreasing order as follows: DCNA, hexafluorotubyne, tri-
fluoromethylpropyne, me thylacetylene, acetylene. The infrared spectrum 
of the DCNA compound includes bands at I5I2 cm-3 vw 2198 cm*3
m (vCN)i an<* 2120 cm-1 s (vCQ) , 2092 cm" J vs (N*C|) > 2069 cm-1 vs
 ̂vco)*
A group of Italian authors has shown that one alkyne can 
displace another from complexes of the type Co£(C0)6(alkyne), and that 
the alkyne with the stronger electron-withdrawing substituents tends 
to displace the alkyne with the weaker electronegative substituents, 
to form the more stable complex by this reaction.09 From their
experiments, these authors concluded that the order of preferential 
displacement strength generally fits the series: hexafluorobutyne,
DMCA, diphenylacetylene, dimethylacetylene, and acetylene in decreasing 
order.
Combining this information with the infrared data of Dickson 
and Yawney, one may predict that DCNA should be effective in displacing 
all of the above listed alkynes , although it is possible that the DCNA/ 
hexafluorobutyne pair could give partial substitution in both directions.
The report of the reaction of DCNA with the pentacyanocobaltate 
Ion by Kimball, Martella, and Kaska is exceptionally brief.130 However, 
the reaction product isolated from a mixture of [Co(CN)5]3_ and DMCA was 
relatively well characterized as Ke[Coe(CN) 10(DMCA) ]* c'H'X) in the form 
of bright yellow crystals. A prototype complex of this series con­
taining acetylene was first prepared by Griffith and Wilkinson.131 
Such complexes characteristically include a trans ethylene bridge 
between two pentacyanocobaltate substituent groups. It is somewhat 
surprising that diphenylacetylene, phenylacetylene, propyne, allene, 
and hexafluorobutyne all fail to yield isolable adducts with Co(CN) 3. 
These results will perhaps be clarified by subsequent work.
Bruce and Iqbal were the first to make use of the pyrolitic 
synthesis of DCNA from J ,l4-dicyano-2, ̂ -dithia- 3-cyclopentenone accord­
ing to the method of Ciganek.103 In addition to the reactions of DCNA 
directly with transition metal complexes, Bruce and Iqbal reacted DCNA 
with benzene and hexamethylbenzene , obtaining 2, }-dicyanobicyc lo [2.2. 2 ]- 
octa-2,5,7-trlene (DCNO) and 2 ,3-dicyano-1,U,5,b,7,8-hexamethyIbicyclo- 
[2.2,23octa-2,5,7-triene (HMDCNO), respectively. The latter two com­
pounds were also employed as ligands along with DCNA.^3^
‘,8
Dicyanoacetylene failed to yield any isolable reaction product 
with Fep(CO)<j, Ru^CO)^, Mn(CO)sBr, or ferrocene. Even when the re­
action was carried out at -78° C, only black tars were obtained with 
the above named transition metal substrates.
Conversely, DCNA reacted with nickelocene to form a dark 
purple solid. The product was characterized as (TT-Cp) -Hi-.(DCNA) , 
where Cp is the eyelopentadienide ion. The structure was suggested to 
be identical with that of the dark green hexafluorobutyne analog NiP- 
(Cp);,(C4F^). Assuming three carbonyl ligands are structurally analo­
gous to one TT-cyclopentadienyl ligand, the structures of the above 
nickel compounds may be considered to resemble the "roof top" struc­
tures found with the alkyne hexacarbonyl dicobalt complexes.120
Bruce and Iqbal also investigated the reaction of DCNA with 
Vaska's compound. They obtained a pale yellow solid which they char­
acterized as (Ph3P)2Ir(CO)Cl(DCNA). 132 Since the reaction of 
DCNA with Vaska’s compound was also studied as part of the research 
described in this Dissertation, further comment on the above results 
will be postponed until the Discussion Section.
IV. EXPERIMENTAL CHEMISTRY OF PLATINUM
A. Materials
Unless otherwise specified, all chemicals employed were re­
agent grade and commercially available. Thlophene-free benzene was 
dried over sodium wire and then distilled from lithium tetrahydrldo- 
aluminate. Dichloromethane and chloroform were used as received.
Pyridinium bromide perbromide, (C^H^NH)(Br3), was prepared 
according to the method described by Fieser.133 PhenyIdiazomethane 
and its precursors were prepared by the method of Overberger and 
Anselme.134 Benzonitrile oxide was prepared according to the method 
of Wiley and Wakefield.135 Recently, an improved preparation of this 
reagent has been described by Grundmann.13B Both acetyl chloride and 
benzyl chloride were redistilled under nitrogen, at atmospheric pres­
sure, before use in reactions.
Literature methods were used to prepare the following com­
plexes: Pt(Ph3P)4,20 Pt(PhaAs)4,20 Pt(Ph3P)2( P h - C 3 C H ) trans-PtHCl-
(Ph3P)^,137»136 and trans-PtHCl(Et^P)p.
The complex PtCl^fPhgAs)^, which is the precursor to Pt(Ph3As)4, 
can be prepared more quickly and easily than described by Malatesta20 
by heating a mixture of trlphenylarilne and potassium tetrachloro- 
platinate in a large test tube directly over a flame. This method was 
effectively used by Bailar for the synthesis of PtCl£(trlphenylphos- 
phite)2.139 The method Involves heating K^PtCl,* and trlphenyl phos­
phite directly over a flame. This procedure works equally well for the 
preparation of PtCl2(Ph3As)f as long as the reaction mixture is stirred
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well and mixed thoroughly with a glass rod. With this method, the 
reaction proceeds much faster, as the usable reaction temperature 
lies in the range of 25O-29O0 C. Since the original preparation called 
for the use of xylene as a refluxing solvent (b.p. 1̂ *0° C) , the new 
method provides a reaction temperature increase of over 100° C .30
During the preparation of PtHCl(PEt3) p, a new method for 
the preparation of cis-PtClp(PEt^)^ was discovered. The yellow com­
pound, trans-dlchlorobis(triethylphosphine)pi atinmn(II) was treated 
with a 2-3 fold excess of tributyltin hydride in THF for lb days at 
ambient laboratory temperature (20-30° C). Gradually, solvent evapor­
ated and a crop of white crystals deposited on the walls of the reac­
tion flask. These crystals were collected on a filter in air and 
washed free of mother liquor with hexane. The resulting product was 
characterized as c_is-dichlorobis( triethylphoaphlne)plat lnum( II) . Al­
though the tributyltin hydride failed to reduce PtCl^(Et3P)? to the 
trans-PtHCl(Ph<P)p directly, it did effect the isomerization of the 
otherwise relatively useless t_rans-Et3P compound to the white cis com­
pound, which can, in turn, be reduced to the hydridoplatinum complex. 
This result is significant because it constitutes the first efficient 
method described for the use of the trans-PtCl^(PEt3) a s  a synthetic 
Intermediate to the hydrido-platlnum compound. Although trans-PtCl 
(Et3P) can be reduced to trans-PtHCl(Et3P) with L1A1H4, much of the 
starting material is lost as black platinum metal, which seriously 
decreases the yield of the preparation. A significant quantity of 
the trans compound is formed In the reaction of triethylphosphine 
with KpPtCl4, as a side reaction to the formation of the white
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cis-dlchlorobla(trlethylphosine)plattnum(II).140 However, It is not 
reduced by hydrazine to the hydrido-compound, and, previously, it was 
valuable only as an enrichner for the platinum residues.
The complex, P t(PPh^)^(FUMN) (FUMN is fumaronitrile) , was 
prepared by the method of Baddley and Singer.141
In the initial stages of this work, dicyanoacetylene was 
prepared by the method of Moureu and Bongrand, with slight modifica­
tions. After publication of the method of Byrd and co-workers, the 
initial apparatus was converted to take advantage of the design im­
provements inherent in the technique developed by Byrd.100 In the 
latter stages of this work, dicyanoacetylene was most conveniently 
prepared in the following manner.
Acety lenedicarboxamide , HyNCO-C^-CONHp, was prepared by 
adding the commercially available di(methoxycarbonyl)acetylene (DMCA) 
dropwise from a syringe into a magnetically stirred solution of con­
centrated aqueous anxnonia (15 M) which had been cooled to -6 to -10° C 
by immersion in a cold bath of acetone-dry ice. One may employ liquid 
ammonia as an alternative to aqueous anmonia in this reaction. About 
200 ml of aqueous 15 M antnonla was required to react with *?0 g of 
DMCA. The product precipitated as a buff-colored solid during the 
course of two hours stirring at reduced temperature. After the product 
had been collected on a paper filter in air, it was washed free of dark 
brown mother liquor with ethanol (absolute). When pure, the dlamide is 
almost white, but it darkens over a period of weeks on exposure to air. 
This product was used without further purification of drying before use 
in the preparation of dicyanoacetylene.
62
For the preparation of DCNA from the diamide, 6-9 8 of the 
diamide was mixed with 100 g of sand and 200 g of 5 tan glass beads.
This mixture was placed in a 1,000 ml Pyrex long-necked, round- 
bottomed flask (see Figure 11) and mixed thoroughly, after which 
',0-75 g of was added. Then the flask was placed on an all-metal
rotary evaporator (Rlnco-Vac Rotating Vacuum type). To avoid exces­
sive streaming of the sample when It Is evacuated, It is best to In­
sert a plug of glass wool loosely in the neck of the reaction flask.
The mixture of the diamide and P^05 may be initmately mixed by spin­
ning the flask with the rotary evaporator while gradually Increasing 
the vacuum In the system. A total of 0.5 hr mixing time is recoraoended, 
with the rotary axis about 5O0 from the horizontal.
The rest of the system was connected to the rotary evaporator 
and reaction flask by a short length of thlck-wall Tygon tubing (about 
15 cm). The glassware In the rest of the system was composed of a 
secondary filter (glass wool), a cold finger, and a collection flask.
As shown In Figure 12, the cold finger was constructed from a 20 ran 
glass tube with a I4O ran glass Jacket fused around it. The Jacket was 
fitted with an outer 2h/k0 standard taper joint (Pyrex) at about bOJ 
to the vertical axis of the device, near the top of the Jacket. To 
the very bottom of the device was fused an inner L’h/bQ standard taper 
Joint, to which was fitted the collection flask. The latter was con­
structed from a 50 ml round-bottomed flask bearing an outer PktbO 
standard taper ground glass Joint and a stopcock side-arm. After a 
small amount of silicone, hlgh-vacuum lubricant had been applied to 
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FIGURE 12 
Detailed Scale Drawing of the 
Cold-Finger Condenser used for the 
Preparation of Dlcyanoacetyiene
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secondary filter were assembled and the side-arm on the collection 
flask was connected to a vacuum pump by a length of thick-wall rubber 
hose. The vacuum in the system was gradually increased by barely 
opening the side-arm stopcock. After the vacuum pump noises diminished, 
the stopcock was opened fully.
After the sample had been rotated for at least 0.5 hr, with 
the system under full vacuum, the sample flask was turned about 20’J 
toward the vertical into an oil bath which had been preheated with a 
Meeker burner to 215-2^0° C. Just previously, the cold finger was
filled with liquid nitrogen. As the dehydration of the sample pro­
ceeded, the sound of the ringing produced by the glass beads in the 
sample decreased in amplitude as the contents of the flask began to 
char and coagulate. Simultaneously, the white encrustation of the di- 
cyanoacetylene was observed on the upper portion of the cold finger.
The heating and rotation of the reaction flask was continued for about
0.5 hr. The end of the reaction was detected by the reappearance of 
the ringing of the glass beads after 20-50 minutes heating.
When generation of the DCNA was complete, the stopcocks were 
closed on the collection flask side-arm and on the secondary filter, 
thereby sealing the system. At this point, the rotary evaporator and 
the vacuum pump were separated and turned off.
Before the DCNA was transferred from the cold finger to the
collection flask, the remaining liquid nitrogen from the cold finger 
was evaporated by a stream of compressed air, while the bottom of the 
collection flask was cooled with either liquid nitrogen or dry ice- 
acetone. The stream of compressed air was continuously blown into the
cold finger pocket. Tapping the jacket of the cold finger lightly 
with a cork ring caused most of the DCNA to crumble off the expanding 
glass of the cold finger projection and tumble into the bottom of the 
collection flask. Usually, the last bit of the DCNA melted and dripped 
off the cold finger.
When all of the DCNA had been collected in the bottom of the 
round-bottomed flask, a N^ gas source was connected to the stopcock 
side-arm, and the vacuum was bled by easing open the stopcock. After 
the pressures were equalized and a slight positive pressure of nitrogen 
gas had developed in the collection flask, the collection flask was 
separated from the cold finger device and stoppered with an inner 2U/bO 
joint, which had been sealed off at the bottom and the top. In this 
form of apparatus, DCNA was conveniently stored in a Dewar flask filled 
with dry ice and covered with a thermally insulating material. When 
a sample of DCNA was needed, the collection flask was removed from the 
Dewar storage vesael, defrosted with a Jet of compressed air until 
melted, and clamped onto a sturdy support. Before the side-arm was 
opened to withdraw a sample, the side-arm of the collection flask was 
fitted with a syringe cap. DCNA samples of known volume were obtained 
as needed by opening the stopcock side-arm, Inserting a b-inch-long 
needle to the bottom of the DCNA puddle, and retracting the piston of 
the syringe to the required volume. The operation was facilitated by 
removing the residual air at the zero piston displacement reading by 
first filling the syringe with the reaction solvent, such as benzene,
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After the syringe had been withdrawn from the collection 
flask, the stopcock was closed, and the flask replaced In the Dewar 
cold storage vessel. {Note: It Is advisable to place one finger
behind the syringe piston upon Insertion Into the collection flask as 
a safety measure. Temperature changes producing variations in collec­
tion flask pressure were observed to be sufficient to expel the piston 
out of the back end of the barrel. This could break the piston, and 
cause the experimenter severe discomfort as well. Dieyanoacetylene is 
an extremely strong lacrymator.
B. Instruments and Analyses
Infrared spectra were taken on a Beckman IR-Y, from 
000-it,000 cm'1. All absorption maxima were measured using X.k expanded 
scale and 20 cm”1/min speed. By calibration of the instrument against 
a polystyrene standard, the energies of the absorption maxima were 
taken as correct + 2 cm"1. Abbreviations used to describe infrared 
band intensities and widths are; s, strong; vs, very strong; m, 
medium; w, weak; sp, sharp; and br, broad. All band positions are 
given in cm-1.
All nmr spectra were taken with a Varlan A-bOA spectrometer 
with TMS as an Internal Btandard. All chemical shifts are given in 
ppm downfield from TMS, and all coupling constants are measured in H e 
(cycles per second).
Elemental analyses for carbon and hydrogen were performed by 
Mr. R. L. Seab of the Department of Chemistry, Louisiana State Univer­
sity, Baton Rouge. Elemental analysis Instruments employed were a
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Barber-Coleman Model 55 for carbon and hydrogen and a Perken-Elmer 
Model for carbon, hydrogen, and nitrogen. All other elemental
analyses were performed by Galbraith Analytical Laboratories, Knoxville, 
Tennessee.
Molecular weights were measured by the vapor pressure depres­
sion method with a Mecrolab Osmometer by Hewlett-Packard, Model 502.
This machine was calibrated for various solvents (benzene, chloroform, 
dichloromethane) with the 57° C non-aqueous probe, with benzil as the 
calibrating solute.
Decomposition and melting point measurements were obtained 
by means of a Thomas Hoover Melting Point Device, which had been cali­
brated with standards (Fisher Scientific).
C. Apparatus and Procedure
Unless otherwise specified, all reactions were performed in 
a round-bottomed flask, equipped with a stopcock side-arm, an outer 
2^/Lo standard taper ground-glass joint in the center, and an inner 
2l+/li0 ground-glass joint on the opposite side. The side-arm was used 
as an input source for nitrogen gas. The center neck was fitted with 
a reflux condenser, an addition funnel, or a stopper, as appropriate.
The Inner joint was either capped or connected to a fritted glass 
plate for filtration In Inert atmosphere. Unless otherwise specified, 
reaction mixtures were stirred with a magnetic stirring bar at room 
temperature ( 20-30° C).
Although reactions were carried out In an Inert atmosphere 
of nitrogen gas, products were usually isolated and purified in air.
D. Preparation of So m  Platinum Complexes of DCNA
1. Bls(trlphenylphosphlne)dlcyanoacetyleneplatlnum, Pt(pPh3 )2(DCNA), 
was prepared by three different methods.
To a benzene solution (100 ml) of Pt(PPh3)2(Ph-C^CH) (k.Oh g,
5 mmoles) was added 0.6 g {10 nmoles) of DCNA. Inmedlately, the color 
of the solution changed from pale yellow to dark red. After the solu­
tion had stirred for 2k hr, solvent was removed with a rotary evapor­
ator until a dark paste was obtained. The paste was treated with a
100 ml portion of hot methanol and washed onto a filter. A dark-brown 
solid remained on the filter. Several recrystalllzatlons of this solid 
from benzene/methanol modified the color of the solid to dark orange.
A final recrystalllzatlon from benzene/hexane produced large orange 
needles of Pt(PPh3)2(DCNA), m.p. 233-235° C.
Anal. Calcd. for C^HaoNaPaPt: C, 60.38; H, 3-80; N, 3-52;
P, 7.70m mol wt, 795- Pound: C, 60.60; H, U.00; N, 3.^9; P, 7.97;
mol wt, 700 (CHCI3).
The Infrared spectrum of the product in nujol mull Includes 
bands at I638 (m,br), 2177 (m) . 2185 (s), and 2I96 (m) cm'1.
For another method of preparation Pt(PPh3)4 was the starting 
material. Addition of excess DCNA (0.3 ml, It.25 mmoles) to 30 ml of 
1:2 benzene/tetrahydrofuran solution of Pt(PPh3)4 (0.8 g, 0.67 nmoles) 
resulted In a dark red solution, from which solvent was removed under 
reduced pressure to give a red tar. The red tar was washed well with 
methanol until the washings were pale red In color. The residue was 
collected on a filter and washed further with methanol to give a dark 
tan solid, which was recrystallized several times from benzene/methanol
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to give orange needles of Pt(ph^P)p {DCNA). The Infrared spectrum was 
Identical to that described above.
Anal. Found: C, 60.6^; H, %97-
A third procedure for the preparation of Pt(Ph3P)p(DCNA) ran 
as follows. The complex trans-PtHCl(Ph3P)? (0.5 g, O.t/f nmole) was 
dissolved in 100 ml of tetrahydrofuran (THF). The solution was cooled 
to - 78 ’ C In a dry lce-acetone mixture, and DCNA 0.1? ml, 1. (j m l e s )  
was added to the cold solution. The resulting dark purple solution was 
allowed to warm to room temperature. The volume was reduced by means 
of the rotary evaporator, and ethanol (}0 ml) was added. Further con­
centration of the solution caused tan crystals to form, and these were
collected on a filter to give O.̂ fl g of Pt(Ph3P);.(DCNA) (70$ yield).
Anal. Found: C, bO.l'j; H, b.$2.
When trans-PtHCl (Ph-̂ P) ̂  and DCNA were allowed to react at 
room temperature In THF, the complex Pt(Ph3P)2.(DCNA) was also obtained. 
However, when the reaction was carried out In benzene or toluene at 
room temperature, the only platInutn-containing compound obtained was 
the starting material.
Reactions of trans-PeHXfPh^P)^ (X * I, CN) with DCNA in 
either THF or benzene resulted in the recovery of PtHXOPh^P)^ and the
production of highly colored solids which contained cyanide groups
but no platinum and which were soluble in ethanol,
2. Bis(triphenylarsine)dicyanoacetyleneplatinum, Pt (PhaAsJ^DCNA), 
was prepared by allowing Pt(Ph3As)4 (2.8J+ g, 2 nmoles) In IjO ml of 
benzene to react with DCNA (Q.J2 ml, U nmoles). Treatment of the
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resulting dark solution with a smell amount of charcoal, followed by 
filtration, resulted in an orange-yellow solution from which was ob­
tained, upon addition of an equal volume of ethanol, dark orange 
needles of Pt(Ph3As)a(DCNA), m.p. 177-179° c (dec.). Recrystalliza- 
tion from benzene/hexane produced an analytically pure sample.
Anal. Calcd. for C ̂ HyoAs^N^Pt: C, 54.35; H, 3-42; As,
16.96; N , 3.17; tnol.wt, 884. Found: C, 54.39; H, 3.70; As-, 16.62;
N, 3.09; mol w t , 883 (CH^Cls). The Infrared spectrum in nujol mull 
Includes bands at 1695 (m,br), 2172 (w), 2194 (s,sp), and 2210 (w).
3. Bl8(trlethylphoaphlne)dlcyanoacetyleneplatlnum, Pt(Et3F)2(DCNA), 
was obtained when trans-PtHCl(Et3P)£ (O.69 g» 1-5 nmoles) In 30 ml of 
tetrahydrofuran at -78° C was allowed to react with DCNA (0,24 ml,
3 mmoles). After the mixture had been stirred for 24 hours at -78° C, 
the reaction flask was wanned to room temperature, the solvent was re­
moved with a rotary evaporator, and the dark residue was dissolved in
50 ml of methanol. A small amount of activated charcoal was added to
the dark solution. Filtration of this suspension produced an orange 
solution. After the addition of 20 ml of distilled water, the solutlen 
was concentrated until a cloudiness appeared. Refrigeration of this 
preparation for several days resulted In the precipitation of orange 
crystals. When collected on a filter and dried, the product amounted 
to 0.44 g (55$) of Pt(Et3p)2(DCNA), m.p. IO5-IO70 C.
Anal. Calcd. for C^HgoNgPsPt: C, 37.07; H, 5-96; Cl, 0.0;
N, 5.52; p, 12.21. Found: C, 37-51; H, 6.09; Cl, 3-84; P, IO.45.
The compound was recrystallized from methanol/water once again
and reanalyzed for carbon, hydrogen, and nitrogen. Found: C, 37*37; H t
5.95; N, 5 .3 3 .
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The infrared spectrum did not change as a result of the 
final recrystallieatlon, and It Included bands at I656 (m,br), 2167 
(w), 2176 (s,sp), and 2191 (w), cm-1 as well as bands due to trlethyl- 
phosphlne. The proton nmr spectrum shows the methyl protons of tri- 
ethylphosphlne as a 6-line pattern centered at 1.2 ppm downfieId from 
TMS, with relative Intensities of 1:2:1:1:2:1. The fact that the line 
pattern Is a pair of triplets Indicates that the phosphlne ligands are 
not in Identical chemical environments, and are therefore not trans to 
one another.
1*. trans-Chloro(dlcyanovinyl)bis{trlethylphosphlne)platlnum(II) , 
PtCl[c(CN)"CHCN](Et3p)2 , was synthesized from the reaction of trans- 
PtHCl(Et3P)2 (0.9U g, 2 nmoles) in benzene (20 ml) with DCNA (0.2h ml,
3 nmoles). The reaction mixture was allowed to stand for 20 hr, then 
solvent was removed under reduced pressure and the residue was dissolved 
in 30 ml of methanol. Treatment of the dark solution with activated 
charcoal gave a pale yellow solution after filtration. Water was added 
until a cloudiness appeared. After several days in a refrigerator, the 
solution was found to have deposited yellow needles of FtCl[-C(CN)*CHCN]- 
(Et3P)2 , m.p. 119-121° C.
Anal. Calcd. for CiaH3 iClN£P£pt: C, 35-55; H, 5-73; Cl,
6*53; N, 5*16; P, 11.38; mol w t , 5I+I*. Found: C, 35,28; H, 5-96; Cl,
6.1*9; N, 5-33; F, 11.1*1*; mol wt, 51*0 (benzene).
A nujol mull of the product produced an Infrared spectrum 
which Included bands at I555 (m), 2188 (s), and 2205 (m ). cm*1 as well 
as bands due to trlethylphosphine. The proton nmr spectrum In deuterlo- 
chloroform showed the methyl protons of Et3P centered at 1.2 ppm downfleld
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from IMS, as a 5-lin® pattern with relative intensities 1:4:6: 4:1.
This pattern Indicates that the two phosphorus atoms are traoe and that 
virtual ceupllng Is occurring. The line pattern of the vinyl proton 
was found at 6.8 ppm downfleld from TMS as a triplet of triplets. Each 
of the smaller triplets results from the splitting of the vinyl reson-
p,ance by 2 equivalent phosphorus atoms with a coupling constant J31 “
2 Hz. Hence the phosphorus atoms must be chemically equivalent, and
therefore the complex must have the trans configuration. Approximately
3.3$ of the platinum atom population consists of the 1B5Pt Isotope which
possesses a nuclear spin quantum number of 1/2. The result is that
molecules of the complex which contain 19sPt exhibit a vinyl resonance
as a pair of triplets. However, in about 67$ of the molecules, the
Pt-Htriplet remains unsplit. The coupling constant, J195 > was found to
be 148 Hz. The total Integrated ratio of signal intensities of the 
ethyl protons to the vinyl proton was found to be 30 to 1.
E. Reactions of Some Complexes of the Type Pt{ph3P)p(R-C3C-R)
1. Displacement Reactions
a. To a solution of Pt(Ph3P)E(DCNA) (O.56 g, 0.7 nmole) in 
benzene (70 ml) was added a ten*fold excess of TCNB (tetracyanoethylene) 
C°*9 8> 7 nmoles). The progress of the reaction was monitored by 
measuring infrared spectra of withdrawn samples and observing the de­
crease In intensity of the 1683 cm-1 band (v ) as a function of time. 
After 2 hr, the Intensity had decreased slightly, but after 6 hr It had 
decreased appreciably, and after 24 hr, the band had disappeared. The
74
reaction mixture was taken to dryness, and the residue was recrystal- 
llzad from benzene/hexane. The analysis, the Infrared spectrum, and 
the melting point Indicated that the sole reaction produce was 
Pt(Ph3P)e(TCNE). Moreover, this product was obtained quantitatively.
b. Attempts were made to displace DCNA from Pt(Ph3P)2(DCNA) 
by adding large excesses of fumaronltrlle, hexafluorobutyne, and 
carbon disulfide. However, in each case the starting material,
Pt(Ph3P)£(DCNA) was recovered almost quantitatively.
2. Addition Reaction with Bromide. Pyrldlnlum bromide perbromlde 
{0.25 g, 0.3 nmole) was added to Pt(Ph3F)£(DCNA) (0.5 g, 0.6 nmole) in 
50 ml of THF. After the reaction had stirred for two days, the result­
ing dark solution was treated with activated charcoal, then filtered.
The resulting pale yellow solution was treated with an equal volume of 
ethanol, and the volume was reduced until white crystals separated.
This product (O.52 g, 77%) was characterized as bls(trlphenylphosphlne)- 
(l,2-dibrowo-l ,2-dicyanoethylene)platinum, Pt(Ph3P)£{C4N2Br£), m.p.
260° C(dec.).
Anal. Calcd. for C^HaoBtaNsFjjPt: C, 50.28; H, 3.17; Br,
16.73; N , 2.93; F . 6.43; mol wt. 956. Found: C, 5O.3O; H, 3.45; Br,
17.3T; N, 2.40; P, 5.99; wt, 975 (CHCl3). The nujol null infrared 
spectrum of this product showed no bands In the 1500-2000 cm-1 region, 
but did Include bands at 2195 (s), *nd 2207 (®) due to v^.
When the same reaction waB performed with excess liquid bromine, 
different results were obtained. The complex, Pt{Ph3P)2(DCNA), (0.40 g, 
0.5 nmole) was dissolved In CH^Cl^ (10 ml) and treated with 0.5 ml of
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liquid bromine dissolved In 10 ml of CHgCl£. The resulting dark red- 
orange solution was taken to dryness after about 0.2 hr at 30° C. Re- 
crystalllzatlon of the residue from CH^Cl^/ethanol produced a red-orange 
solid. The product shows no bands from l^OO-^tOOO cm-1, except those 
attributable to Ph3P. Analytical data suggest that the product Is 
impure PtBr4(ph3P)£.
Anal. Calcd. for CgeH^oBr .^^Pt: C, UI.5I; H, 2.95. Found:
C, 59.70; H, 5-20.
5. Reactions with Hydrogen Halides
a. When HC1 gas was bubbled through a benzene solution (200 ml) 
of Pt(Ph3P)2(DCNA) (0.8 g, 1 nmole) for several minutes at room temper­
ature, the Initial pale orange color faded and a white solid precipi­
tated. The Identical white solid was also obtained when a THF solution 
of the complex was treated with concentrated hydrochloric acid. This 
white solid was found to be Insoluble In most of the common laboratory 
solvents, including water, alcohols, THF, benzene, CH3Cn, CHCl3 , CH^Cl^, 
and ether, with the exceptions of dimethylsulfoxide, dimethylformamide, 
and pyridine (vide infra). Consistent analyses could not be obtained 
from several preparations, but the data fit reasonably well the formul­
ation corresponding to a one-to-one adduct of HCl and the DCNA complex, 
Pt(Ph3p)2(DCNA). The asrarphous white solid melts with decomposition 
above 250° C. A nujol mull spectrum Includes bands at 1535 (m )» 2187 
(v,s), and 2215 (s), cm-1. The reaction of Ft(ph3P)2(DCNA) with DCl In 
DgO using a tetrahydrofuran solvent produced a white solid with an 
infrared spectrum Identical with that of the HCl reaction product.
76
Anal. Calcd. for C^HgiClNePePt: C, 57.80; H, 5.76; Cl,
4.27; N , 5 ‘37; P, 7.45. Found: (average of 7 preparation*) C, 57.74;
H, 4.02; Cl, 4.13; N, 3.28; P, 6.9I.
A small amount of the Insoluble white L:i adduct (0.72 g) 
was suspended in 20 ml of pyridine and wanned on a steam bath for I5 min­
utes, during which time the solid dissolved to give a pale yellow solu­
tion. After the addition of 30 ml of ethanol, the flask was set in a 
refrigerator and allowed to stand for several days. During this time, 
the solution deposited pale yellow crystals, which were collected on a 
filter, washed with ethanol, and dried overnight In vacuo to give an 
analytical sample, which was characterized as trans-chloro(dlcyanovlny1)- 
bis)triphenylphosphine)platinum(ll), PtCl[-C(CN)-CHCN](Fh3P)2 , m.p. above 
250° C (dec.).
Anal. Calcd. for C^I^jClN^P^f: C, 57.80; H, 3*76; Cl,
4.27; N, 3-37; F, 7.45; mol w t , 832. Found: C, 57-78; H, 4.05; Cl,
4.04; N, 3*79; P» 7-21; mol wt . 870 (CHCl3). The nujol mull spectrum 
Includes bands at 1544 (m), 2I96 (w), and 2213 (s,sp), cm-1. The proton 
nmr spectrum in CDC13 shows the vinyl proton signal as a triplet at 
5.1 ppm downfield from TMS, flanked by satellite triplets arising from 
lS5Pt coupling. The fact that the main signal and satellites are all 
symnetrlcal triplets Indicates that the two phosphorus nuclei are trana. 
The Integrated ratio of signal intensities arising from the aromatic 
protons of Ph3P relative to the vinyl protons corresponds closely to 
30:1. The coupling constants are Jl95Pt”1* ■ 91 Hz, and J3l^ H • 1.6 Hz.
When the Insoluble 1:1 adduct was warmed with dimethylform- 
amlde, trans-PtClf-C(CN)*CHCNl(Ph^P)g was again the reaction product.
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The white 1:1 adduct also dissolved In dimethyl Bulfoxlde (DHSO), but 
the resulting solid contained no cyano groups, as evidenced by the 
absence of any infrared absorption in the 2000-2300 cm*1 region, and 
this product was not further characterized. Trlethylamina and piperi­
dine did not dissolve the 1:1 adduct.
b. A hydrobromlc acid solution (1 ml, 8.5 nmoles, of concen­
trated HBr In 10 ml of THF) was added to Pt(Ph3P)2(DCNA) (0.1+ g, 0.5 
nmole) in 25 ml of THF, and, after standing overnight, the yellow solu­
tion deposited white mlcrocrystals. These were collected, washed with 
methanol, and recrystallized from CH^Cl^tCHsOH) to yield 0.2 g of the 
product which is probably a mixture of PtBr[-C(CN)"CH(CN)](Ph3P)2 
along with some PtBr^Pt^P)2. After repeated recrystallisation from 
CHsCl^/CHaOH, neither the elemental analyses nor the Infrared spectrum 
of the product were substantially altered.
Anal. Calcd. for C^o^aBrNgPaPt: C, 5U.8O; H, 3*56. Found: 
C, 5U.29; H, 3.85. The Infrared spectrum of this product mulled In 
nujol showed bands at I5U9 (m) (vc-c), 2189 (m) (^q,) , 2219 (»)
Attempts to obtain an osur spectrum of this compound In CDCl3 were Im­
peded by the low solubility of the compound.
If the amount of HBr used in the reaction described above was 
increased by a factor of 10 (170 mole of HBr per mole of complex) , while 
the percent carbon was lowered to about 5l.l-5l.9$» *11 of which Indi­
cates an Increased conversion of the vinyl complex to PtBr£(Ph3P)£. 
Indeed, on one occasion, essentially pure PtBr£(Ph3P)a was Isolated.
The Infrared spectrum of this product displayed no band except those of 
Ph3P and the appropriately low analysis for oarbon.
78
c. A mixture of Pt(Ph3P)2(DCNA) (0.8 g, 1 mmole) in 20 ml of 
chloroform end 5 concentrated hydroiodic acid (about 350 nmoles)
was allowed to stand for 3 days at room temperature. The residue ob­
tained after the chloroform had evaporated was dissolved in THF. Upon 
addition of ethanol, a tan solid separated. This was collected on a 
filter and washed with ethanol and dried in air. The Infrared spec­
trum of this material included bands at 2189 (m ) (v~.) , 2211 (s) (v™,),tN UN
and I5I+5 (w,br) (v___). Spectral data, together with elemental analysesC*C
for carfcon and hydrogen, suggested that the principal product was iodo- 
(dicyanovinyl)bis(triphenylphosphlne)platinum, Ptl[-C(CN)*CH(CM)]- 
(Ph3P)^, m.p. 250° C (dec.)
Anal. Calcd. for C^HailN^P^c: C, 52.05; H, 3.38. Found:
C, 51.09; H, 3-62.
The mother liquor from the above reaction was taken to dry­
ness, and the residue was dissolved in CHCI3. Upon addition of ethanol, 
light yellow crystals separated. These crystals were collected on a 
filter and dried and are probably composed of impure PtIp(Php)£. A 
mull spectrum exhibited only trace amounts of the CN bands associated 
with the iodo(dicyanoviny1) compound prepared above.
Anal. Calcd. for CyeH^oI^P^Pt: C, 1+1+.U1; H, 3.11. Pound:
C, 1*6.1+1; H, 3.3I+.
d. The triethylphosphlne complex, Pt(Et3P (0,25 g,
0 . 5 mmole), was dissolved in 5 ml °f THF and treated with a hydro­
chloric acid solution (1 ml of concentrated hydrochloric acid in 10 ml 
of THF) (12 mmoles). During the course of several days, the solution 
lightened in color and was then taken to dryness. The resulting
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off-white crystals had an Infrared spectrum Identical to that of PtCl- 
[-C(CN)"CH(CN)](Et3P)z (i*a., the product obtained from the reaction 
of PtHCl(St3P)g and DCNA as deecrlbad In D.U above)*
e. The hexafluorobutyne complex, Pt(Ph3P)£(CF3C3C-CF3 ) (0*1 g,
0.11 nmole) was dissolved In 10 ml of THF and treated with a solution
of HCl (5 ml of concentrated acid in 5 ml of THF) (60 nmoles). After
20 hr , white crystals which had formed were collected on a filter, 
washed with methanol, and dried overnight jn vacuo. The white crystals, 
which are soluble in CHgCl^ and CHCl3> are formulated aB chloro[bis-
(trifluoromethy 1)vinyl]bie(trlphenylphosphlne)platinum(II), PtCl- 
[-C(CF3)-CH(CF3)](Ph3p)£ , m.p. 265-266° C (dec.).
Anal. Calcd. for C40H37ClF0P£Pt: C, 52-53; H, 3 .-1*0; Cl,
4.86; F, 12.42; P, 6.75- Found: C, 52.42; H, 3-73; Cl, 4.01. The
nujol mull spectrum of this product shows a band at 1627 cm"*1 (m) ,
as well as bands characteristic of trlphenylphosphlne and fluorocarbons 
(CF3 group).
f. The phenylacetylene complex, Pt(Ph3P)p(Ph-C=CH), was 
treated with hydrochloric acid In the same manner as described above 
for the hexafluorobutyne complex. During a 24-hr reaction time, the 
solution color changed from yellow to blue and then slowly darkened to 
black decomposition products. No product could be Isolated.
g. The dimethylacetylenedicarboxylate complex, Pt(Ph3P)z(DHCA) 
(0.5 gt 0.7 mmole) was dissolved in 20 ml of THF and treated with a 
solution of HCl (2 ml concentrated acid and 6 ml of THF) for a period
of several days. The addition of an equal volume of ethanol resulted in
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the crystallization of a white solid, which was collected on a filter 
and dried. The Infrared spectrum of this compound, examined as a 
nujol mull. Indicated that the white product was Blgnlficantly dif­
ferent from the starting material. Moreover, the spectrum showed no 
band in the region loyi cm*1, Indicating that the methoxycarbonyl group 
had been attacked, and that the ester linkage was no longer present. 
However, strong bands remained at 1027, 17^9* H03> 965. «nd 1213 cm*1, 
Indicating that the product still contained Ph3P and a carbonyl bond 
in a Ligand. Because side reactions had hopelessly complicated the 
main reaction we wished to study, this product was not further Investi­
gated .
When the reaction was performed with less acid, the purity of 
the product improved. The HCl solution (1 m l , 12 nmoles of concentrated 
acid in 10 ml of THF) was added to a solution of Pt(ph3P)^(DMCA) (0.3 g,
0.1+ nmole) In THF, and the reaction mixture was allowed to stand for 
11+ days at the ambient temperature of the room (20-30° C). During this 
time, large crystals deposited on the walls of the flask. These crystals 
were collected on a filter, washed with methanol and dried. Upon exa­
mination under a microscope, it was observed that the product contained 
two different types of crystals, one yellow, the other white. When 
some of the yellow crystals were picked out with a needle and mulled in 
nujol, the infrared spectrum showed no absorptions between I5OO and 
2200 cm*1. Therefore, the yellow product was most probably trans- 
PtCl2(Ph3P)£ , and was not further investigated.
The white product was separated from the yellow crystals and 
analyzed for carbon and hydrogen. Analytical results Indicated that the
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product was most probably a mono-HCl addition product, trang-chloro- 
(1,£-dimethoxycarbonylvinyl)bls(trlphenylphosphlne)pi atlnum(11), 
PtCl[-C(COOMe)-CH(COOMe)](Ph3P)£.
Anal. Calcd. for C4£H37Cl04P£Pt: C, 56.16; H, U.16. Found:
C, 56.I6; H, 5.9O.
A second crop of the white product, Isolated by concentra­
tion of the mother liquor and subsequent addition of ethanol, gave es­
sentially the same analytical results.
Anal. Found: C, 55.80; H, h.52.
The Infrared spectrum of the white product from the second 
experiment included bands at 1587 (s), I685 (a), 1710 (vs), and 
1750 cm*1 (vs).
F. Addition of Phenyl diazcnnethane to Pt(Ph3F)£(DCNA)
The yield of phenyldiazomethane produced as a pink ether 
solution from the reaction of sodium methoxlde with (J-nitroso-N-benzyl- 
£-toluenesulfonamide (0.6 g, 1 nmole), was added in two separate por­
tions (at 0-hr and 2it-hr reaction time) to a solution of the platinum 
complex, Pt (ph3p) £(DCNA) (O.5I5 g, 0. 1* nmole) dissolved In THF (50 ml). 
After a total of U8 hr reaction time the reaction mixture was concen­
trated on the rotary evaporator until a light yellow compound precipi­
tated. This product was collected on a filter and dried, and was 25$ 
yield. The absence of a band at I685 cm"1 Indicates that the coordi­
nated triple bond of DCNA has reacted. There remain several cyano
bands, which are found at 2187 (s,sp) and 2228 cm'1 (v,sp). Elemental
analysis indicated that an entire PhCHN£ group, as contrasted with the 
addition of a phenylcarbene species, had reacted.
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Anal. Calcd. for C4TH36N 4PiJ,t: C, 61.80; H, 3-97; N, 6.I3*
Found: C, 60. 53; H, 3-71; N, 5*52-
G. Addition Reaction of Bls(trlphenylphosphlne)platlnum(o) to PtfPhgP);!- 
(DCNA)
A solution of Pt(Ph3P)4 (O.763 g) 0.62 mnole) was dissolved 
in benzene (50 ml) and mixed with a solution of Pt(Ph3P)p(DCNA) (O.U5 g, 
0,37 mmole) in benzene ( 50 ml). After the flask had stood for 7 days 
under a nitrogen atmosphere, a small amount of a pale yellow solid was 
observed on the walls of the reaction fLask (about 0.1 g). This solid 
was collected in air on a filter, washed with ethanol and dried. The 
infrared spectrum of this product included bands at 2170 (vs) and 
2183 cm"1 (s), which indicated the presence of a CN-group in the product. 
The absence of any band from 1300-2000 cm-1, except weak bands at 1575 
and 1586 cm-1 associated with triphenylphosphlne, suggests that the 
acetylenlc bond of DCNA has been attacked in the reaction. Elemental 
analyses support the formulation of this product as f*e(Ph3P)4{fiCNA) , 
m.p. 2i*0-2U2° C.
Anal. Calcd. for C7aH®oNeP4Pt: C, 60.h0; H, 3.99; N, 1.85-
Found: C, 60.0it; H, 3.96; N , I.58.
H. Reaction of Pt(Ph3P)2(DCNA) with Acetyl or Bensyl Chloride
Acetyl chloride (2 ml, 28 nmoles) was added to 50 ml of THF 
containing Pt(ph3P)a(DCNA) (0.80 g, 1 nmole). After two days, the 
white solid which had formed was collected, and its insolubility, 
infrared spectrum, and elemental analyses indicate that it is the
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same 1:1 adduct of HCl and the orange DCNA complex that was prepared 
In E.^.a above.
Anal. Found: C, 57.75; H, h.02.
When benzyl chloride was substituted for acetyl chloride In 
the above reaction, once again the reaction product was the white, 
Insoluble 1:1 HCl adduct, which has an Infrared spectrum Identical 
with that of the white compound prepared in E.%a above,
1. Miscellaneous Reactions of Pt(Ph^P)^(DCNA)
The complex Pt(Ph^P)^(DCNA) was reacted with a number of re­
agents from which no well-characterized complex could be prepared. 
Among the reagents which fit this category are N-bromosuccinimlde, 
formaldehyde, sodium borohydride, methyl iodide, and benzonitrile 
oxide. However, neither acetone nor acetaldehyde could be made to 
react at all with the DCNA complex despite extensive refluxing of the 
reaction.
V. EXPERIMENTAL CHEMISTRY OF PALLADIUM, NICKEL, AND COLD
A. Materials
The considerations described in Section IV.A apply to the 
purification of solvents and sources of reagents. The complex Ni(CO)^- 
(diphos), where diphos Is 2-dlphenylphosphlnoethyldiphenylphosphlne, 
was recrystallized from ethanol to remove green Ni(ll) Impurities from 
the consnerclal grade reagent (Alfa Inorganics). Conxnerclal palladium 
chloride was used to prepare PdCl^(PhCN)^ according to the established 
method.142 An attempt to prepare Pd(Ph3As)4, by reduction of Pd- 
(acetylacetonate)2 with tributylalumlnum in the presence of triphenyl- 
arslne, did yield a white product. However, when this product failed 
to produce a stable complex from the reaction of It with fumaronltrile, 
experimentation in this direction was discontinued.
The complex N1(Ph3P)^(C2H4) was prepared by the method described 
by Maitlis,143 while the complex AuCl(Ph3P) was prepared by the method of 
Malvano.144 Both Pd(Acac)^ and Ni(Acac)a were prepared by established 
methods,145 where Acac represents an acetyLacetonato ligand. Care was 
taken not to exceed a reaction temperature of 5^° C in the preparation 
of Pd(Acac)2. It was found to be necessary to dry the bis(acetylacetonato)- 
nickel(ll) Jti vacuo at 110° C for 6 to 12 hr in order for the sample to 
be dry enough to use in the preparation of Nl(Ph3P)^(CpH4).
B. Reactions of Some Palladlum(O) Complexes
1. Reaction of DCNA with Pd(Ph3P)4
A solution of Pd(Ph3P)4 (2.6 g, 2.25 nmoles) in benzene (TO ml) 
was treated with DCNA (O.i+5 ml, 5.8 nmoles), and stirred for 12 hr under
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a blanket of nitrogen. At the end of this reaction time, an equal 
volume of methanol was added, and a large portion of the solvent was 
removed with a rotary evaporator. A slurry of a dark colored solid and 
a dark red solution resulted. The solution was decanted and the solid 
was collected on a filter, washed with methanol, and then washed fur­
ther with acetone, an orange-yellow residue remained on the filter. 
Concentration of the acetone filtrate caused the precipitation of a 
dark brown-red compound, which was collected, but not completely 
characterized, because Its Infrared spectrum revealed it to be nothing 
more than the reaction product of trlphenylphosphine and DCNA. Bands 
assigned to the CN stretch were observed at 2178 (v,s) and 2202 cm-1 
(v,s), as well as the characteristic bands of trlphenylphosphine.
(Note: The relatively weak bands of Ph3P at 1575 and I588 cm"1 are
valuable as indicators of relative strength of other bands.)
The yellow residue was suspended in CH^Cl^ to wash out ad­
ditional small quantities of Ph3P-DCNA adducts. However, the yellow 
solid still failed to dissolve to any extent and was collected on a 
filter and dried. The presence of the single sharp CN band in the 
infrared spectrum at 2168 (vs,sh) suggests the presence of a CN group 
bonded directly to a metal. Although the spectrum also Included char­
acteristic trlphenylphosphine bands, the product is not Pd(CN)^(Ph3P)e , 
for which Ballar and Itatani found the CN stretch at 2125 cm"1.146 
Elemental analyses agree best with the formulation of the product as 
a palladium(11) complex containing two trlphenylphosphine ligands, 
one cyanide ligand bonded to palladium, and one other anionic ligand 
(probably trans to the cyano group since the compound is yellow) which
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remains yet undetermined. Because of itB extreme Insolubility, the 
compound was not further characterized.
Anal. Found: C, 67.67; H, U.l+2; N, 2.18.
2. Reaction of FUMN with Pd(Ph3P)4
The addition of Pd(Ph3P)4 (3-3 g. 3 nmoles) to 100 ml of 
benzene produced a cloudy yellow solution in which only part of the 
complex dissolved. Stirring this solution at room temperature under 
nitrogen failed to effect complete solution of the starting material. 
However, when the yellow suspension was treated with FUMN (fumaronitrile) 
(2. 3 g, 3-3** mmoles) the intense yellow color of the suspension faded 
Into a transparent pale pink solution. Concentration of this prepara­
tion to one-half of Its Initial volume and subsequent addition of
ethanol (30 ml) produced the crystallization of a white solid (2.8 g,
70$). This product was found to be partially soluble in ethanol and 
very soluble In acetone. For preparation of an analytical sample, the 
complex was recrystalllzed from acetone/ethanol. The product, L.y g 
of white crystals, was then dried _lji vacuo for 2k hr at 65° C. The 
Infrared spectrum of thlB material showed only a single sharp CN band 
at 2206, and the usual bands of trlphenylphosphine. The analytical 
data agree well with the characterization of the compound as bis(tri- 
phenylphosphlne)(fumaronitrile)palladium, Pd(Ph3P)?(FUMN), m.p. 1U1-15^° 
(dec) .
Anal. Calcd. for C^HaaNaP^Pd: C, 67.76; H, ^.53; N, 3.9*+;
mol. wt., 709. Found: C, 67-^0; H, ^.3°; N , 3*69; mol. wt., 700 (ben­
zene) .
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5- Reaction of Acrylonitrile (ACL) with Pd(ph3P)4
A suspension of Pd(Ph3P)4 (1.3 g, 1 mmole) in acrylonitrile 
(5 nil, 75 nmoles) was stirred under nitrogen for 2 hr; no reaction was 
observed. Benzene (I5 ml) was added to the suspended Pd(Ph3P)4t and 
the solid dissolved to give a yellow solution. After an additional 
reaction time of 1 hr, the Infrared spectrum of the yellow solution 
was examined in the CN region. Besides the dominant CN stretch of the 
free acrylonitrile ligand at 22J2 cm-1, sharp CN bands were also ob­
served at 2I98 and 2282 cm-1. However, after concentration of the 
yellow solution and the addition of methanol (30 ml), only the yellow 
starting material, Pd(Ph3P)4, reprecipitated. This product was col­
lected on a filter, washed with methanol, and dried. No CN band was 
observable in the infrared spectrum of the solid isolated. All further 
attempts to Isolate a product from the mother liquor produced only fur­
ther small quantities of Pd(ph3P)4.
(4. Reaction of Clnnamonitrlle with Pd(Ph3P)4
Cinnamonitrlle (10 m l , 80 nmoles) was added to a solution of 
Pd(Ph3P )4 (0•55 8> 0*5 mmole) In benzene (15 ml) and produced a very 
pale yellow solution in which all of the starting material appeared to 
have dissolved and reacted. However, on addition of ethanol (1*5 ml) 
the bright yellow color of Pd(Ph3P)4 reappeared, and this material 
gradually crystallized on the walls of the reaction flask. This yellow 
product was collected on a filter and dried. Although the nujol mull 
spectrum of this product showed no absorption In the CN region (2000- 
2to0 cm*1), when the yellow Pd(Ph3P)4 was mulled in neat clnnamonitrlle,
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two CN bands were observed. The absorption of the ligand CN stretch 
was accompanied by another band at 2196 (s,sh).
'j. Reaction of Phenylacetylene with Pd(Ph3P)4
For this experiment, Pd(Ph3P)4 was prepared by the method 
(a) of MaltllB, rather than by the superior method (b) of Maltlis using 
alumlnumalkyls. laa An attempt was made to prepare Pd(Ph3P)4 directly 
from palladium chloride, without the isolation of PdCle(Ph3P )2 as an 
Intermediate. Accordingly, PdCl^ (O.89 g, 5 nmoles) and trlphenylphos- 
phlne (6.‘; g, 29 nmoles) were suspended together In ethanol (100 ml)
and warmed to rj0-60° C on a steam bath for 2 hr, after which time the
solution was cooled to to° C and treated with 2 ml of hydrazine hydrate 
(rtyjt). After an additional 2-hr period, the reaction mixture was 
cooled to 20° C and the greenish-yellow product (indicative of decompo­
sition to Pd metal) was filtered under nitrogen. On attempted recrys­
tal llzatlon of the product from benzene (to remove the suspended black 
Pd metal), there was slight exposure to air, and the solution of the 
product began to turn cherry red. To this preparation was added 0. ̂  ml 
( mmoles) of phenylacetylene, which resulted in the formation of a 
very dark brown solution (indicative of phenylacetylene polymerization). 
After this solution had been filtered through charcoal, and an equal 
volume of ethanol (100 ml) had been added, the preparation was concen­
trated on a rotary evaporator, and a tan solid was produced. Recrystal- 
llzatlon of this product from CH^Cl^/ethanol yielded a white crystalline 
compound, the Infrared spectrum of which, In nujol mull, Included weak
bands at 2210 and 1^95 cm"1. The former band is not a result of
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occluded phenylacetylene because the band Intensity does not change on 
recrystalllzat Ion, and the phenylacetylene stretch Is found at
2115 cm-1. However, analytical data closely fit the formulation of the 
complex as Pd(Ph3P)£(PhC^CH). However, no infrared band could be found 
(in the 1600-1700 cm”1 region) corresponding to the coordinated acety- 
lenic stretch.
Anal. Calcd. for C44H30PEPd: C, 72.09; H, *1.9. Found:
C, 72.2; H, h.^.
0. Preparation of Bls{triphenylphosphlne)dicyanoacetylenepalladium 
from Dicyanoacetylene and Pd(Ph3P)2(FUMN)
After Pd(Ph3P)^(FUMN) (5.6 g, 8 nmoles) had dissolved in ben­
zene (100 ml), the solution was cooled in an ice bath to 5° 0 and 
treated with a sample of DCNA (0.96 ml, 12 nmoles) injected by syringe 
through a rubber septum into the reaction flask. Although optimum re­
sults were obtained when the reaction was performed in an inert atmos­
phere of nitrogen, it was observed that the preparation could alBo be 
performed in an Erlenmeyer flask open to air. During the course of
0.1-hr reaction time, the initially pale yellow solution gradually de­
veloped into a deep red liquid.
The reaction mixture was taken almost to dryness on a rotary 
evaporator, and a dark solid precipitated. This material was collected 
on a filter and washed with methanol. This operation removed much of 
the DCNA-Ph3P oligomer at the expense of some of the product. The pro­
duct was later observed to be slightly soluble in ethanol. After two 
recrystallizations, the residue on the filter from dichloromethane/ 
ethanol, an orange crystalline complex (1.7 g» 2.5 mmoles) was Isolated
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in 31% overall yield. The infrared spectrum of this product featured 
new bands at IJ'A (tn) (yc=c) and 2187 cm-1 (s,sh) (vCN) and the char­
acteristic bands of triphenylphosphine. On the basis of spectral and 
analytical data, the complex was formulated as Pd(Ph3P)^(DCNA); m.p., 
137-160° (dec).
Anal. Calcd. for C^HaoN^P^Pd: C, 67-95; H, *+.2y; N, 3.96;
mol. wt. , 707. Found: C, 67.3^; H , i+.Ol; N, 3-89* mol. wt. , 718 (CHC13).
7. Reaction of Dicyanoacetylene with PdCl2(PhCN)£
Despite multiple attempts involving a variety of experimental 
conditions, no well-characterized complex could be isolated from the 
reactions of DCNA with the above-named palladlum(II) substrate. How­
ever, one particular experimental attempt In which the possibility of 
complex formation was most plausible is described below.
A benzene solution {50 ml) of the complex PdCl^(PhCN)2 
(0.766 g, 2 nmoles) under a nitrogen gas atmosphere was treated with 
a large excess of DCNA (1.21+ ml, 16 mmoles) and was allowed to stir 
for 96 hr. During this time, a brownish-red precipitate gradually began 
to settle on the walls of the reaction flask. The product was collected 
under nitrogen on a fritted glass filter and dried _ln vacuo for 1+8 hr. 
When this material was Incorporated Into a KBr pellet, Its Infrared 
spectrum exhibited two bands of relatively weak intensity at 2201+ and 
223O cm-1 exactly. In contrast, in nujol mull, the infrared spectrum 
showed only one relatively broad band with a maximum absorption at 
2280 and shoulders about 22^0 and 2205. When the same infrared 
analysis was applied to the starting material, PdCl2(PhCN)2, the infra­
red spectrum of the product mulled in nujol revealed a strong sharp band
at 2289, while in a KBr pellet, the absorption position of the CN band 
in the benzonitrile was reduced to 2228 cm-1. In the neat liquid, the 
CN stretch of benzonitrile was observed at 22J3 cm'1. Elemental analysis 
of the reaction product did not aid In resolving the structure of the 
product of this reaction.
Anal. Found: C, 22.27; H, 0.795; N, 8.25.
C. Attempted Reaction of DCNA with a GoLd(l) Complex
When the white complex, AuCl(Ph3P) (O.5I g, 1 mmole) was dis­
solved in benzene (50 ml) and treated with DCNA (0.16 ml, 2 nmoles) at 
room temperature, no change in the appearance of the reaction mixture 
was discernible. However, heating the mixture to reflux (kc) min), 
produced a yellow color. The preparation was cooled to room tempera­
ture, and concentrated to half-volume on a rotary evaporator. Addition 
of an equal volume of hexane (I5 ml), produced a tan precipitate. This 
material showed only slight absorption In the CN region of the Infrared 
spectrum. The tan solid was recrystallized from CH^Cl^/hexane, and the 
resulting pure-white crystals were completely free of any Infrared ab­
sorption in the CN region. The product was characterized ab starting 
material on the basis of infrared data.
D. Reactions of DCNA with Some Nickel(0) Complexes
1. Attempted Reaction of DCNA with Bis(triphenylphosphine)ethylene- 
nickel(0), Ni(Ph3P)a(C^H4)
Yellow crystals of Ni(Ph3P),p(C,2H.4) were treated with DCNA 
under a variety of experimental conditions. In every case, only black
intractable tars were obtained. Even exposure of the nickel-ethylene 
complex to DCNA fumes blackened the yellow crystals. Considerable 
heat Is evolved In this reaction, and in fact In one experiment the 
solvent was boiled off by addition of DCNA to a concentrated solution 
of N1 (Ph^P)-,(CpH4). Attempts to displace ethylene with fumaronitrile 
and then fumaronitrile with DCNA also were without success. Because 
it appeared that DCNA was probably being polymerized by the reaction, 
study of this reaction was discontinued,
2. Attempted Reaction of DCNA with Dicarbonyi(2-diphenylphosphlno- 
ethyldiphenylphosphine)nickel(O) , NifCO^fdiphos).
After recrystallization of the light-green commercially avail­
able product from ethanol, the white crystals of Ni(CO)diphos) were 
reacted with DCNA in a number of ways. Although the reaction rate 
could be varied, the characteristic behavior of the reaction mixture 
after addition of DCNA remained the same regardless of solvent, uv 
irradiation intensity, or reaction temperature. Among the various 
solvents employed were benzene, tetrahydrofuran, and dichloromethane. 
Strong uv Irradiation accelerated the reaction, but no products could 
be isolated. In every case, the colorless reaction mixture gradually 
developed a violet color, which became black upon further standing.
When the reaction mixture was monitored by infrared spectroscopy in 
the first stages of development of the purple coloration, the CO bands 
of the starting material at 1955 anc* 1997* ant̂  a broad CN absorption 
around 2200 were observed. Infrared spectra taken in the later stages 
of the reaction showed no carbonyl bands, and the CN band around 2200
remained broad and indistinct. No crystalline product could ever be 
isolated from the reaction mixture. Decomposition or polymerization 
was the only reaction detected, and further efforts with this reaction 
were abandoned.
VI. EXPERIMENTAL CHEMISTRY OF IRIDIUM AND RHODIUM
A. Materials
The general considerations mentioned In previous Sections 
regarding solvent preparation and reaction procedures also apply in 
this Section. The methods established in the literature were used to 
prepare the following transition metal substrates: IrxQCO(Ph3P)p],i47
(where X - Cl, Br , 1, NCS), IrCl(CO)(PhgAs)2 ,l4m IrCl(N^)(Ph3P)2,148 
[lr(diphos)2(C0)]Cl,i5° [lr(diphos)a]Cl,150 IrH(CO)(Ph3P)3,151 
IrH(CO)^(Ph3P)y ,15e IrH(C0)(Ph3P)2(FUMN),i33 [RhCl(C0)a]P,154 
RhCl (CO)(Ph jPJ^j RhClfCOj^Ph-jP);,,1®* [RhCl (Ph3p)^]^, 15T and 
RhCl(Ph3P)3.A*T
B. Preparation of Some Dlcyanoacetylene Complexes of Iridium
1. ChLorocarbony1(dlcyanoacetylene)bis{triphenylphosphine)iridium,
IrCl (CO) (DCNA) (Ph3P)£?
Vaska’s compound, IrCl(CO)(Ph3P)£ (0.78 g, 1 nmole) was dis­
solved In 100 ml of dry, deoxygenated benzene and treated with DCNA 
(0.10 ml, 2 mmoles) at room temperature, while the solution was stirred 
magnetically. Insnedlately upon addition of the DCNA, the bright yellow 
solution of Vaska's compound faded to a pale red-orange. After the reaction 
had stirred for 0.5 hr under a nitrogen atmosphere, solvent was re­
moved under reduced pressure, producing a brown residue. This solid 
was recrystallized from benzene/ethanol to yield peach-colored crystals, 
0.81+ g (98$), m.p. 175-2250 C (dec.). An analytical sample was obtained 
by recrystalllzatlon from CH^Cl^/hexane.
91+
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The infrared spectrum of the complex IrCl(CO)(DCNA)(Ph3p)^ 
mulled in hexachlorobutadiene showed bands at I728 (m), I988 (a),
2I92 (®), and 2025 (v,s). In CH^Cl^ solution, the CN band was sharper 
at 2195» and the * 2018 (vs,sp), the was split into two bands
at 1717 (m), and I73O (m).
Anal. Calcd. for C^H^ClN^OP^Ir: C, 57-I+9; H, 5-55; Cl,
^.15; mol. wt., 89O. Found: C, 97-98; H, 5-75; Cl, ^.36; mol. wt.,
Hit1; (benzene).
2. Bromocarbony1(dlcyanoacetylene)bis(t rlphenylphosphlne)iridium, 
IrBr(CO)(DCNA)(Ph3P)^
Dicyanoacetylene (0.15 ml, 2 tmtoleB) and the complex IrBr(CO)- 
(PhgP)^ (0.1*1 g, 0.5 nsnoie) reacted instantly at room temperature in 
benzene (30 ml), as indicated by the disappearance of the yellow color 
of the starting material with the formation of a pale pink solution.
The reaction mixture was stirred for 0.1 hr under nitrogen, after which 
solvent was removed with a rotary evaporator. The resulting solid 
(OJj g, 90^) was washed well with methanol and recrystallized from 
benzene/methanol, producing orange needles of IrBr(CO)(DCNA)(Ph3P)2, 
m.p., 188-190° (dec).
Anal. Calcd. for C41H3oN£0P£Ir: C, 5^.67; H, 3.36; N, 3-11; 
mol. wt., 905* Found: C, 5^-88* H, 3-3^» N, 3-12; mol. wt., 875 (ben­
zene). The infrared spectrum of this product in hexachlorobutadiene 
mull included bands at 1725 (m), 1966 (s), 2023 (v,s), and 2190 (s).
3. IodocarbonyI(dicyanoacetylene)bis(triphenylphosphine)iridium, 
Irl(CO)(DCNA)(Ph3P)
A solution of Irl(CO)(Ph3P)s (0.95 8, 1 nmole) in 100 ml of 
benzene was mixed with DCNA (0.20 ml, 25 nmoles) with the result that
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the yellow solution turned a dark orange. It was concentrated on a 
rotary evaporator, and a solid separated. When the red-brown shiny 
prisms were collected on a filter, they became yellow and opaque. The 
product was recrystallized from CH2Cla/ethanol, yield 85$» cf Irl(CO)- 
(DCNA)(Ph3P ) m . p . ,  I87-I890 (dec).
The infrared spectrum of the product mulled In nujol exhibited 
bands at 1727 (m) , 1979, 1993 (m) t 2019 (vs,sh), and 2I9I (s,sp).
Anal. Calcd. for C^H^oIN^P^Ir: C, 51-96; H, 3-19; N, 2.96;




After a reaction mixture containing Ir(NCS)(CO)(Ph3P)^ (0.6 g, 
J.73 moo1e ) and DCNA (0.12 ml, I.5 nmoles) in 20 ml of CH^Clp had 
stirred for 0.1 hr, two volumes of ethanol (1*0 ml) were added. The 
preparation was concentrated on a rotary evaporator, producing a crop 
of bright pink crystals (0.6 g, 90$) of Ir(NCS)(CO)(DCNA)(Ph3P)2 , m.p., 
lVf-l90iJ C (dec).
The principal CO band in the Infrared spectrum (nujol mull) 
was found at 2036 (vs,sp), while the CN stretch of SCN was observed at 
2089 (s,sp). Other bands observed were at I7O5 (m), v^^(DCNA) at
2192 (s), 2180 (sh), and 837, 01* k (m) vg_c of NCS.
Anal. Calcd. for C^HaoNaOF^SIr' C, 57-39; H, 3-^i N, 1*.78; 
mol. wt., 879- Found: C, 56.9 ;̂ H, 3-26; N, U.69; mol. wt., 795 (CHCl3).
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5 . Chlorocarbonyl(dicyanoacetylene)bis(triphenylarsine) iridium, 
IrCl(CO)(DCNA)(PhgAs)£
The compound IrCl (CO) (Ph-^As) 2 (0 . 5  g, Q . 5  nmole) was dis­
solved in benzene (20 ml) and DCNA (0.12 ml, 1.5 mmoles) was added 
producing a pale orange solution. The reaction mixture was stirred 
for 0 . 1  hr at room temperature, after which time solvent was removed 
under reduced pressure, producing a dark orange residue. This solid 
was washed well with methanol and recrystallized from CH^Cl^/heptane 
as dark orange crystals (O.h g, 80% yield). The Infrared bands ob­
served In hexachlorobutadiene mull Included the following; 1 7 1 0 ,
1720 (m) vc=?c(DCNA), 2002 (vs.p) vC Q , 2190 (s) v c n (DCNA).
A n a l . Calcd. for C^HaoClN^P^Ir: C, 52.16; H, 5.20; N,
2 .Of. Found: C, 51*05; H, 5.12; N, 2.9y; m.p. 172-17^ (dec.)
6. Reaction of Chloro(dtnltrogen)bis(triphanylphosphine)- 
Iridium, I r C l ^ H P h a P ) ^  with DCNA
The iridium-dlnitrogen complex IrCl(N£ )(Ph3 P)^ (0.8 g,
1 mmole) and dicyanoacetylene (0.18 ml, 2 . 2 5  ntnoles) were mixed in 
CH^Cl^ ( 5 0 ml) at 0° C, and the originally bright yellow solution 
changed color to dark red and then gradually to orange-yellow. After 
the mixture had stirred at 0° C for 2 hr, two volumes (100 ml) of 
hexane were added, and the solution volume was reduced by passing a 
stream of nitrogen over the solution surface. As the solution concen­
trated, an orange product crystallized. The infrared spectrum of this 
material mulled in either nujol or hexachlorobutadiene included a 
medium strength band at I8 5 I with nearby strong bands at I8 0 5 and 1 7 8 5 .
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In the solid state spectrum, the CM stretch of DCNA Is a relatively 
wide, strong band with an absorption maximum as 2I98. However, the 
solution spectrum of this compound In CH^C12 presents the CN stretch 
as a very strong sharp band at 2207, while the bands In the 1800 re­
gion have broadened Into a medium band with an absorption maximum at 
1795( &nd a shoulder around 1820. Also In the solution spectrum there 
appears a medium-weak band at I6O5. Upon attempted recrystalllzatlon 
of the product from CH^Clp/methanol, the material partially decomposed 
to a yellow product possessing bands at 2210 and 2187 in the CN region.
In place of the above-mentioned 1605 band, the spectrum of this product 
Included a band at 1615, broader and stronger than the 1605 band. No 
bands In the 1750*1850 region were observed In the yellow product. 
Although the analytical sample probably contained some occluded CH^Cl^ 
as a result of the precipitation procedure, the analytical data best 
fit the formulation of the product as IrCl(DCNA)e(Ph3P)e.
Anal. Calcd. for C 44H30ClN£P2Ir: C, 58.U2; H, 3-35; N, 6.I9.
Found: C, 57-22; H, 3-21; N, 5-78- The theoretical molecular weight
based on the above formulation is 90^-^ g/mole. The values determined 
by the osmometer using benzene at 37° C were 9 H  and 91-5 g/mole at 
concentrations of about 6 and 12 mg/ml, respectively.
7. Dicyanovlnylfcarbonyl)(dlcyanoacetylene)bis(triphenylphosphine)- 
iridium, Ir[-C(CN)“CH(CN)](C0)(DCNA)(ph3P)2
The addition of DCNA (0.10 ml, 1.2 mmoles) to a solution of 
IrH(C0)2(Ph3P)2 (0.39 g, O . 5  nmole) in 75 ml of 2:1 benzene/CH^Cl^, 
caused an Immediate darkening of the mixture to give an Intense greenish- 
black solution. After the reaction had stirred for 5 “in, 5® of
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ethanol was added and the volume of the solution was reduced on a 
rotary evaporator, precipitating a dark colored solid. This material 
was collected, washed with methanol, and twice recrystallized from 
CH^Cl^/ethanol, giving pale pink crystals, m.p. 200-210° C (dec.)
The Infrared spectrum of this product featured new bands at 
2021 (vs,sp) vc0> and I698 (m,br) vc=c(DCNA), along with CN stretch 
absorptions at 2215 (m), 2188 (s), and 21T7 (m). Other bands In the 
spectrum include the characteristic bands of triphenylphosphine 
[1575 (vw), I588 (vw), Inter alial. a medium band at 829, and a very 
weak band at 15^5- The Infrared spectrum together with analytical 
data support the formulation of the compound as Ir[-C(CN)“CH(CN)](C0)- 
(DCNA)(Ph3P)^.
Anal. Calcd. for C45H31N 40P£Ir: C, 60.20; H, 3.U8 ; N, 6.2U;
mol wt, 898. Found: C, 60.09; H, 5-5^; N, 6.21; mol wt, 680 (benzene).
8. Attempted Reaction of DCNA with Ir(H)(CO)(Ph3P)3
When DCNA (0.2U ml, 5 nmoles) was added to a solution of 
Irll(CO) (ph3P)3 (1.00 g, 1 mmole) In benzene (100 ml) In an Inert atmos­
phere of nitrogen gas, the solution color changed Instantly from bright 
yellow to a dark red. Concentration of the reaction mixture on a 
rotary evaporator led to the precipitation of a solid material. This 
material was collected on a filter and washed with methanol. However, 
all attempts to recrystallize the residual solid failed to yield any 
pure, well-characterized transition metal complex. Since the starting 
complex dissociates Ph3P In solution, it Is clear that the formation 
of DCNA-Ph3P adducts tend to complicate the reaction chemistry in this
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case, and after multiple attempts at this reaction failed to produce 
any lsolable product, further efforts were abandoned.
9. Attempted Reaction of DCNA with Ir(H)(CO)(FUMN)(Ph3P)2
The white fumaronitrile complex, IrH(CO) (FUMN)(Ph3P)̂ > (0.1+3 g,
0.3 nmole) was suspended In 25 ml of benzene. Upon addition of DCNA 
(0.12 ml, 1.3 umoles), the solution lightened Blightly In color and 
began to precipitate a white compound. With the addition of more sol­
vent (if5 of benzene and JO ml of CHC13), the precipitated material
redlssolved. The addition of a second aliquot of DCNA to the 80 ml of 
reaction mixture produced no precipitation. The reaction mixture was 
stirred for 2b hr, after which a dark yellow solution was obtained.
This solution was concentrated on a rotary evaporator to about 10 ml.
The addition of 3^ 1111 °f ethanol, and further concentration of the re­
action mixture, produced an off-white crystalline precipitate. This 
material was collected on a filter, washed with a little ethanol, and 
dried. Upon examination of this material as a nujol mull in the Infra­
red region, It was observed that the off-white product possessed an 
Infrared spectrum identical with that of the starting material, with 
bands at the following positions: 83I (m), 1611 (m), I986 (s,sp),
2012 (sh), 2103 (vs,sp). As a further indication that DCNA did not 
react with the starting material, It was observed that the strong odor 
of DCNA persisted after the 2l-hr reaction time, before Isolation of 
the product was begun. Final proof that the compound isolated was 
merely Ir(H)CO(FUMN)(Ph3P)£ consisted of elemental analytical data.
Anal. Calcd. for C 41H33N20P£Ir: C, 59*77; H, 1.01; N, 3.I0 . 
Found: C, 59-27; H, 3-90; N, 3.32.
101
10. Reaction of DCNA with [ir (CO) (diphosJ^Cl]
The white carbonylated starting complex, [ir(CO)(dlphos)£]C1 
(2.12 g, 2 nmoles) was dissolved In CH^Clg (75 ml) treated with
DCNA (0.52 ml, b nmoles) In an Inert atmosphere of nitrogen gas. The 
solution turned Jet black immediately upon addition of the DCNA. Sol* 
vent was removed on a rotary evaporator (almost to dryness) and the 
residue was taken up in ethanol (50 ml) and filtered. The dark residue 
was washed with methanol, and the combined washings were concentrated 
almost to dryness and redlssolved In acetone. After adding excess 
NH4PF6 , the still black solution was concentrated under reduced pres­
sure, yielding a black solid, which contained two new bands in the 
infrared spectrum at l9*+5 (8) and 2207 (a) when mulled in hexachloro­
butadiene. However, the CO band in the starting material at 1955 (vs) 
was completely absent. Although the expected product from this reaction 
would be the complex Ctr(DCNA)(dlphos) elemental analysis of the
product obtained Is relatively low for carbon.
Anal. Calcd. for : C, 55-62; H, 5*99; N, 2.5b.
Found: C, 51.82; H, ?.77; N, 2.1*9.
11. Attempted Reaction of DCNA with CtrtdiphosJ^lCl
The reaction described in 10 above was repeated, except that 
the starting material employed was the orange, decarbonylated complex 
[lr(diphos)e]Cl. DCNA reacted Immediately with the clear orange sol­
ution of this complex to produce dark red Intractable tars, from which 
no product could be Isolated or identified.
¥
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C. Reactions of Some Iridium Complexes with Fumaronltrile
1. Attempted Reaction of FUMN with [lr(dlphos)2]Cl
To a solution of the complex [lr(diphos)£]Cl (1.03 8,
1 nmole) In CH2CI2 (23 ml) was added a ten-fold excess of fumaronltrlie 
(0.78 g, 10 nmoles). No color change was observed while the reaction 
mixture was stirred at 30° C In an Inert atmosphere of nitrogen gas. 
After 0.3 hr, the reaction mixture was treated with an excess of NaBPh4 
(0.68 g, 2 nmoles) dissolved In 23 ml of ethanol. The entire prepara­
tion was concentrated on a rotary evaporator, producing bright orange 
crystals. The infrared spectrum of this material showed no bands in 
the 2000-21*00 cm-1 region, Indicating the absence of any CN groups in 
the product. Elemental analyses of the orange material fit the formula­
tion of the product as [lr(dlphos)^]Fh4B. The slightly low value for 
carbon probably reflects the sensitivity of the compound to oxygen of 
the atmosphere, two atoms of oxygen being incorporated by the complex 
upon exposure to the atmosphere.
Anal. Calcd. for C7eHeeP4BIr: C, 69-77; H, 3-2U; P, 9*^5.
Found: C, 68.U6; H, 3.19*
The above experiment was repeated, except that fumaronltrile 
was replaced by phenylacetylene. However, the reaction product was 
ascertained to be the same orange complex obtained In the fumaronltrile 
reaction.
Anal. Found: C, 69.10; H, 5.39*
Hexafluorobutyne also failed to react with [ir(diphos)2]cl, 
as Indicated by the absence of any change in the color of the reaction
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The isothlocyanate complex, Ir(NCS)CO(Ph3P)2 (0.2 g, 0.25 
nmole) and fumaronltrile (0.2 g, 25 nmoles) were dissolved together In 
CH-jCI^ (25 ml). The Initially bright yellow solution faded quickly to 
give an almost colorless solution, which was filtered in air. The ad­
dition of two volumes of ethanol (50 ml) to the filtrate resulted in 
the formation of white crystals. The infrared spectrum of this prod­
uct mulled in nujol Included bands at 20^3 (vs,sp) 2107 CV8 *bp)
v(CN of NCS), 2217 and 2220 (m,sh) v(CN of FUMN), and 862 (w) v(cs of 
NCS). The fact that such fumaronltrile complexes dissociate relatively 
easily in solution, and that the product was not recrystallized in the 
presence of excess fumaronltrile before analysis, both contribute to 
the slightly low analysis for carbon.
Anal. Calcd. for C I r : C, 57*26; H, 3*66; N, 1*.77.
Found: C, 53*83; H, 3.5O; N, It.61.
D. Reactions of DCNA with Some Rhodium Complexes
1. Reaction of DCNA with Chlorotris( triphenyiphosphine)lrbodium(l) 
The dark-red complex, RhCl(Ph3P)3 (0.9 g, 1 nmole) was dis­
solved in benzene (100 ml) in an inert atmosphere of nitrogen gas. To
this solution was added an excess of DCNA (0 £b ml, 5 nmoles). The
clear red solution of the complex became muddy brown instantly when the
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DCNA was added. The reaction mixture was taken to dryness, leaving a 
dark red-black tar. A mull of this material between NaCl plates 
showed no band in the Infrared above 1600 cm'1, except for a broad, 
strong absorption around 2200 cm-1, resulting from a variety of CN 
stretching frequencies. Another band around J000 cm-1 accounted for 
the various types of C-H stretches present In the preparation. Between 
1500 and 1600, there were not only the customary weak bands of Ph3P at 
1^75 and I588, but also a broad band around 15*J0 cm*1. All attempts 
to purify a complex from the tarry mass proved Ineffective, essentially 
because the solubility properties of the DCNA-Ph3P adducts so closely 
parallel those of any possible rhodium complex formed. It is indeed 
possible that a rhodium(l) complex of the DCNA-Ph3P adducts was the 
principal product. In any case, this reaction was not further Inves- 
tlgated,
2. Reaction of DCNA with p, p-dichlorotetakis(triphenylphosphine)- 
dirhodlum(l), [RhCl(Ph3)£]£
To a solution of Rh^Cl^fPhsP)4 (0.9 g, 0.68 nmole) dissolved 
in CH2CI2 (30 ml) In a nitrogen atmosphere, was added an excess of DCNA 
(0.26 ml, 5.3 nmoles). The Initially salmon-colored solution turned a 
very dark brown. After U-hr reaction time at ambient temperature (3O0 
C), an equal volume of ethanol (50 ml) was added, precipitating a 
chocolate-brown product, slightly resembling the results obtained In 
A above. However, this reaction product contained less of the tar-llke 
DCNA-Ph3P adducts, and It was possible to collect the brown solid on a 
filter. The Infrared spectrum of this product mulled in nujol Included
bands at 2188 , 2216 (s,sh), and l5bb (m) , and the familiar bands of 
trlphenylphosphine.
Although this compound has been analyzed for C, H, and N, 
recrystallized and reanalyzed, multiple complicating factors preclude 
the complete characterization of the product based on the data avail­
able. At least the product Is not RhCl(DCNA)(Ph3P). Rather, the 
product Is probably polymeric, and may contain rhodium complexes of 
DCNA-Ph3P adducts. Analytical data best fit a formulation of the 
product as a polymeric material such as [Rh^ClpfDCNAJafPhyP)p]•
Anal. Calcd. for CppH15ClNpPRh: C, 55-88; H, 5-10; N, 5.92
Cl, 7.b8; P, 6.55. Found: (before recrystal1ization) C, 5b.55i H,
5.0b; N, 7.7b. Calcd. for C4aH.j0Cl^eP£Rhp: C, 56.00; H, 5-9b; N,
8.I5; P, 0.02; Cl, 6.90. Found: (after careful recrystallization
from CHpClp/heptane) C, 56.8b; H, 5-21; N, 7.78.
5. Chlorocarbonyldicyanoacetylenebis(trlphenylphosphine)rhodium, 
RhC 1 ( CO) ( DCNA ) ( Ph 3P ) p
The rhodium analog of Vaska's compound, RhCl(CO)(Ph3P)p 
(0.77 g, 1 nmole) was suspended in CHpClp (50 ml) in an inert atmos­
phere of Np and treated with excess DCNA (0.J2 g, b nmoles). The ini­
tially yellow suspension darkened rapidly, producing a clear orange 
solution. After 0.1 hr, the reaction mixture was filtered through 
Bintered glass (under nitrogen) and treated with 50 “I °f hexane con­
taining DCNA (0.08 ml, 1 nmole). The resulting preparation was fil­
tered again under nitrogen, and then concentrated on a rotary evapor­
ator. The product was a light-brown crystalline solid which reflected
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pink In strong light. When the product was mulled In nujol and exa­
mined In the Infrared region, only a trace of the CO band of the 
starting material at I967 was observable. On the other hand, new 
bands were observed in the product at 201*6 (va,sp) with a shoulder at 
2017, 1775 (m )» 2192 (s,sp), as well as the characteristic bands of 
triphenylphosphlne. Analytical data Indicate that one mole of DCNA 
was added per mole of starting complex.
Anal. Calcd. for C4iH30ClN£OPeRh: C, 66.25; H, 5-95; N,
5.66; mol wt , 767. Found: C, 63.57; H, 6.12; N, 3-59; mol wt , 616
(CHC13).
6. Reaction of DCNA with _trans-RhCl (CO) 2(PPh3) e
The dlcarbonyl complex, RhCl(CO)2(Ph3P) (0.5 g, 1 nmole) was 
dissolved In 60 ml of a 1:1 mixture of benzene/dlchloromethane under 
an inert atmosphere of nitrogen gaB. Upon addition of DCNA (0.16 ml,
2 nmoles), the solution color changed from light yellow-orange to clear, 
dark red instantly. Filtration of the reaction mixture under nitrogen 
(after 0.1-hr. reaction time) into 200 ml of heptane precipitated a red- 
brown solid. The material presented a complicated Infrared spectrum In 
solution (CH^Cl^ solvent vs CH^Cl^ In the reference cell). Bands were 
observed at 1607 (m) , 2018 (s,sp), 2093 (vs,8p) y(C0) ’ *nd 2*91 (s) 
with a shoulder at 2212. When the solid compound was mulled in nujol, 
the band at 2016 was less intense, but new absorptions appeared at 2O55 
and 2067 (a). From spectral data and analytical data, the compound has 
been tentatively characterized as the 1:1 adduct of DCNA with the start­
ing complex, that Is, RhCl(CO)2(DCNA)(Ph3P ).
Anal. Calcd. for C^Hj^ClN^O^PRh: C, 56.35; H, 2.81*; N,
5.26. Found: C, 5*4.78; H, 2.95; N, 5.96.
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5. Reaction of DCNA with ^-dlchlorotetracarbonyldlrhodlum(l) 
Bright orange, needle-like crystals of the dimeric rhodium 
complex, RheClP(C0)4 (O.388 g, 1 mmole), were dissolved In heptane 
( 30 ml), forming a clear, pale yellow solution. While this solution 
was stirred briskly with a magnetic stirring bar, under an inert at­
mosphere of nitrogen gas, DCNA (0.35 ml, U.5 nmoles) was added drop- 
wise from a syringe. Although no Instantaneous reaction was observed, 
in the course of several minutes (0.2 hr) the solution gradually 
darkened and became turbid. After 1 hr, an orange precipitate was 
observed on the walla of the reaction vessel. The reaction was stirred 
at room temperature (25u C) for 12 hr, after which time the orange re­
action product that had precipitated was collected on a filter under 
nitrogen, washed with dry hexane to remove any residual DCNA, and dried 
in a stream of nitrogen. The Infrared spectrum of this orange product 
was examined as a nujol mull immediately after drying the compound. 
Bands were observed at the following frequencies: 626 (B,br), 721 (w) ,
2032 (s,sp), 2101 (vs,sp), and 2231 (m). After the product had stood 
for one week exposed to the atmosphere, it had noticeably lightened In 
color and its Infrared spectrum was reexamined (nujol). A new band 
had developed at 16U5 (s,br), and another at 1807 (m,br). The pre­
viously mentioned strong absorptions of CO and CN groups were observed 
at slightly shifted energies, 2030, 2096, and 2227, respectively, but 
thlB region now also Included a new band at 2033 (®»9p)* The insolu­
bility of the product in benzene and CH^Cl^ Implies that a polymeric 
structure has been formed. Indeed, elemental analysis of the lightened 
material best fit an empirical formula corresponding to the tetramer
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Rh4Cl4(C0)5(DCNA)3» although this formulation Is strictly not proposed 
to be an actual formula of the product.
Anal. Calcd. for C i7HoCl ̂ eOsRh,*: C, 22.Jl; H, 0.00; N,
9.12. Found: C, 2}.95; H, 1.05; N, 10.05.
The reaction was repeated using benzene (100 ml) as the sol­
vent, and a more equal ratio of DCNA (O.bO ml, 5-2 nsnoles) to Rh^Cl^- 
(C0)4 (1 .0 g, 2.5 nmoles). Once again, the light yellow solution 
gradually turned cloudy, producing an orange precipitate. The change 
in the reactant ratio was reflected In the elemental analyses of the 
produc t.
Anal. Found: C, 15-71; H, 1.97; N, 7-83- The presence of
such a percentage of hydrogen in the product Indicates that either 
benzene has been occluded or coordinated during the formation of the 
precipitate, or that there Is some difficulty analyzing low percentages 
of hydrogen with the Perkln-Elmer device.
6. Reaction of DCNA with Isothlocyanatocarbonylbls(trlphenylphos­
phine )rhodturn(I)
The complex Rh(NCS)C0(Ph3P)2 was prepared by reacting RhCl- 
(C0)(Ph3P)^ with excess potassium thlocyanate In acetone. The orange- 
yellow product was isolated after stirring the reactants together for 
U hr at room temperature (28° C) by removing the solvent on a rotary 
evaporator, washing the residue with water to remove excess KSCN and 
KC1, and recrystAlllzlng from CHCl3/ethanol. The resulting complex 
showed no trace of the carbonyl stretching frequency absorption at 
I965 in its Infrared spectrum. Rather the CO band was not observed at
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I988 (vs,9p) along with other new bands at 2077 (v,sh) v(CN of NCS), 
and 857 (m,sh) v(SC of NCS). In this compound, the weak band of tri- 
phenylphosphine at 1575 WAS Almost unobservable while the cuBtomary 
weak band at I588 was slightly stronger than usual.
A solution of Rh(NCS)C0{Ph3p)s (0.71*t g> 1 nmole) in CH^Cl^
(yj ml) was treated with DCNA (0.16 ml, 2 nmoles). The light yellow 
color of the starting material soon deepened into a deep brown-red. 
After 0.2 hr, 2 volumes (60 ml) of heptane were added, which precipi­
tated a dark brown material. The infrared spectrum of the product 
mulled in nujol revealed the presence of a new band around 15^3 (m).
The spectrum also included two strong, but poorly resolved bands at 
2000 and 2150.
The product is obviously not analogous to the 1:1 adduct pre­
pared from the chloro-analog, RhCl(CO)(Ph3P)B and DCNA. Rather, the 
infrared band around 15̂ +0 indicates that the acetylenic bond of DCNA 
has been reduced to a vinyl bond, possibly by dlmerlzation to a 
metallacyclopentadiene complex. Analytical data do not fit a formula­
tion of the product with either one or two DCNA molecules added, even 
allowing for the possibility of occluded CH^Cl^. Rather the elemental 
ratios are on the order of C 43H3oN5 , which indicates that some side 
reaction has seriously complicated the type of chemistry that was of 
Interest. Thus, the study of this reaction was not continued.
Anal. Found: C, 56.77; H, N, 7-76; Note: some
starting material was Isolated frcxn the filtrate in the above-described 
react ion.
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7. Reaction of Some Aotivated Acetylenes with Chloro- 
(dicarbonyl)trlphenylphosphlnerhodium(I)
a. Reaction of Hexafiuorobutyne with RhCl(CO)P(Ph3p)
When a stream of bubbles of CF 3 - C "K) - CF 3 was passed through 
a solution of RhCl(CO)£(Ph3P) (0.6 g, 1,3 mmoles) In l:i CHCl3/benzene 
(to ml), the initially yellow solution began to take on a bright red 
color. The stream of bubbles was continued until no further change 
in the color of the clear dark red solution could be detected (0.2 hr). 
Solvent was removed on a rotary evaporator and the product was re- 
crystallized from CHpCl^/hexane (0 .5U g). The infrared spectrum of 
this brick-red compound mulled in nujol included a new band at lb28 (m) 
and a very strong CO absorption at 2068 with shoulder absorptions at 
ly07> 203Y, 2oyo, and 2115 cm-1.
After a second recrystallization, the product appeared to 
have lightened In color and provided a significantly different analysis 
for carbon.
Anal. Calcd. for Ca4H15F6ClOaPRh: C, 1*6. H, 2. to-
Found: C, to.37; H, 2.63. After a second recrystallization: Found;
C, 37.66; H, 2.70.
b. Reaction of Di(methoxycarbonyl)acetylene with Chloro- 
(dicarbonyl)trlphenylphosphlnerhodium(l)
Under an inert atmosphere of nitrogen gas, DMCA (O.to ml,
3 nmoles) was added to a solution of RhCl{CO)2(Ph3F) (0.3 g» 1-1 nmole) 
in CH^Clf (90 ml). After the solution had stirred for 3.5 hr, a yellow 
compound was observed to have precipitated from the dark red solution.
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When this compound was collected and Its Infrared spectrum examined, 
it was found to be simply the rhodium analog of Vaska’s compound, as 
identified by the CO absorption at 1966 cm-1. Attempts to isolate any 
other products from the red mother liquor led only to the formation of 
dark oils.
VII. RESULTS OF EXPERIMENTAL INVESTIGATION
A. Platinum Chemistry
The complex Pt(Ph-,P)p(DCNA) was formed by treating solutions 
of either Pt(Ph3P)4 or Pt(Ph3P)^(Fh-C=CH) In benzene with a slight 
excess of DCNA. The complex Pt(Ph3P)^(DCNA) was also formed by the 
reaction of DCNA with PtHCl(Ph3P)p when THF was the reaction solvent. 
However, when the same reaction was performed in benzene solution, 
only starting material was recovered, i.e., PtHCl(Ph3P)p. The complex 
PtHCN(Ph3P )2 displayed no tendency to react with DCNA in any solvent.
In contrast to the above results, the complex PtflCl(Et3P)^ 
reacted with DCNA readily in either benzene or THF Leading to the 
formation of two products. In benzene, the complex PtCl[C(CN)“CH(CN)]- 
(Ph3P)̂ . was isolated while in THF a ring complex was obtained, that is, 
Pt(Et3P)2(DCNA).
In view of the above results, it became of interest to in­
vestigate the possibility of adding one mole of a hydrohalic acid to 
complexes of the type Pt(R3P^(R-C^C-R), where R3P is Ph3P or Et3P , 
and R-C =C-R represents DCNA, dimethoxycarbonylacetylene (DMCA), or hexa- 
fluorobutyne (C^e). Products of the type PtCl[C(R)“CH(R) ](R3P)£ were 
obtained when HCl and THF was added to THF solutions of the complexes 
Pt(Et3p)^CDCNA), Pt(ph3P)^(DMCA), Pt(Ph3P)&(C4Pe). In contrast, when 
HCl was added to solutions of Pt(Ph3P)P(DCNA) in either benzene or THF, 
an Insoluble white products formed. Because of its extreme insolubi­
lity, this white product was difficult to characterize. It may be poly­
meric. Heating the white product in pyridine or dlmethylformamlde 




One mole of HBr added to Pt (Ph3p) ̂ (DQiA) without forming any 
insoluble intermediate to yield PtBr[c(CN)*CH{CN)](Ph3P)£. Employing 
large excesses of HBr or long reaction times tended to effect removal 
of the dicyanovinyl ligand from the complex such that PtBr^fPI^P)^ 
was the principal reaction product.
Other reagents employed in reaction with Pt{Ph.̂ P)_?(DCNA) were 
Br^, Ph-CNO, Ph-CH-N ̂ , Ph-CHp-Cl , CH,(C0)C1, TCNE, HI. CH3I , NaBH4, and 
Pt(Ph-jP)^. Of th ese, only TCNE displaced DCNA from the complex com­
pletely, forming Pt(Ph3P)^(TCNE). Although excess bromine oxidized 
the DCNA complex to PtBr4(ph ,P)■.. careful addition of one mole of 
bromine apparently attacked the acetylenlc ligand preferentially, 
forming a complex of d icyanodibromoethene , Pt (Ph3P) ̂J(c4NijBr;j) .
Attempts to add benzonltrlle> oxide to the complexed DCNA molecule were 
hindered by the relatively rapid rate of irreversible dlmerization of 
Ph-CNO compared to its reaction rate with Pt(Ph3P) 2(DC1IA) . In con­
trast, phenyIdiazoraethane was added successfully to the complexed 
DCNA ligand. The product may possibly be a complex of 3,4-dicyano- 
pyrazole; however, it is significant that the product does not lose N£ 
upon refluxing in benzene.
No well-characterized products could be obtained from the 
reaction of Pt (Ph3P) 2( DCNA) with either CH3I or NaBH4, although it 
was observed in each case that some reaction did occur with these 
reagents. Benzyl chloride and acetyl chloride reacted with the DCNA 
complex to form a white Insoluble product identical to that obtained 
from the reaction of HC1 and Pt(Ph3p)e(DCNA).
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Tetracyanoethylene displaced DCNA quantitatively over a 
period of hours from Pt (Ph3p) -,(DCNA) forming Pt (Ph^P) ̂ (TCNE) . In 
contrast to the total displacement of DCNA by TCNfc, the zerovalent 
platinum species Pt(Ph3P)£, attacked only the acetylenlc bond of the 
complexed DCNA, with the resultant formation of a presumably dlnuclear 
complex. Elemental analyses and infrared spectra of the latter product 
suited the formulation Pt£,(Ph3P) 4(DCNA). Unfortunately, owing to the 
extreme insolubility of this product, no molecular weight determina­
tions could be made with the osmometer.
B. Palladium Chemistry
The complex Pd(Ph 3P) £,(DCNA) wae prepared by displacement of 
fumaronitrile (FUMN) from the complex Pd(Ph3P)^(FUMN). The reaction 
was complete within several minutes after addition of DCNA to the system. 
By comparison, attempts to displace FUMN with DCNA in the analogous pla­
tinum complexes proceeded at a rate too slow to be considered useful 
as a synthetic method. As further evidence that palladium complexes 
undergo more rapid reactions than do platinum complexes, it was ob­
served that solutions of Pd(Ph3P)^(DCNA) tended to decompose in the 
presence of hydroxylic solvents (methanol) to materials which probably 
contained a CN ligand bonded directly to the metal. This behavior 
precluded the preparation of Pd(Ph3P ) 2(DCNA) from a solution of 
Pd(Ph3P ) 4 and DCNA. Although infrared spectra of products obtained 
from the latter reaction suggested that Pd(ph3P)a (DCNA) was Indeed 
present in the reaction mixture, the dark red tarry adducts of
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trlphenylphosphlne and DCNA impeded the Isolation of the product to 
the extent that only decomposition products could be Isolated.
Attempts to prepare Pd(Ph3P)e(Ph-CaCH) and Pd(Ph3As)^(DCNA) were un­
successful .
Solutions of dichlorobis(benzonitrile)palladium(ll) in ben­
zene were treated with DCNA and allowed to stand for several days under 
Np. During this time, a red-brown solid precipitated on the walls of 
the reaction vessel. From elemental analyses and Infrared spectral 
data, It was uncertain that a complex of tetracyanocyclobutadiene had 
formed. Attempts to cleave the possibly halogen-bridged polymeric 
precipitate with hydrohalic acids produced only palladium halide salts.
C. Nickel Chemistry
All attempts to prepare Ni(Ph3P)2(DCNa) were unsuccessful.
The reaction investigated involved the synthesis of Ni(Ph3P)p(CpH4) 
from ethylene, tributylalumlnum, and bls(acetylacetonato)nickel(ll).
The nickel-ethylene complex was then treated with DCNA under a nitrogen 
atmosphere, always with the resultant formation of black tars and 
evolution of large amounts of heat. The reaction of the nickel- 
ethylene complex with fumaronltrlle (FUMN) darkened the reaction mix­
ture somewhat , but no product could be isolated which corresponded to 
the formulation Ni(Ph3P)^(FUMN).
The complex Ni(CO)E(dlphos) (where diphos is 2-diphenylphos- 
phinoethyldiphenylphosphine), was exposed to DCNA in a variety of 
solvents (benzene, THF, CH^Cl^) both at room temperature and at -80° C.
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In every experiment with these reactants, the solution darkened slowly 
to a deep red, and then to black. However, at no time could any DCNA 
complex be Isolated from the reaction mixture. The only products ob­
tained in the various reactions were either the starting material or 
dark-colored decomposition products.
D. Gold Chemistry
The gold(l) complex AuCl(Ph3P)^ was treated with DCNA at 
room temperature and in refluxing benzene. Although the reaction mix­
ture gradually became yellow, the only material which could be iso­
lated from the reaction was AuCl(Ph3p)2.
E. Rhodium Chemistry
Dlcyanoacetylene was allowed to react with the rhodlum(l) 
complexes RhCl(Ph3P)3 , [RhCl (Ph3P) , RhCl(CO)(Ph3P)RhCl(CO)^- 
(Ph3P), and [RhCl (CO) No complex of DCNA could be prepared using
either of the first two complexes, presumably because of the side 
reactions of DCNA with trlphenylphosphlne, which was dissociated from 
each of the complexes in solution. In addition to this complication,
It Is also suspected that rhodium(l) is capable of oligomerizing DCNA 
and forming Insoluble polynuclear complexes. In contrast, RhClC0(ph3P)£ 
reacted cleanly with DCNA, forming a one-to-one adduct. The complex 
RhCl(CO)(DCNA)(Ph3P)^ dissociates more readily than the iridium analog, 
but it can be prepared in good yield as long as an excesB of DCNA Is 
present during the crystallization of the complex.
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Neither RhCl(CO)£(Ph3P) nor [RhCl(CO)£]2 reacted cleanly 
with DCNA to give well-characterized products. Nevertheless, on the 
basis of elemental analyses and Infrared spectra of the materials 
Isolated from the latter two reactions, the products have been tenta­
tively formulated as RhCl (CO) ̂ ,{Ph;,P 1 (DCNA) and Rh4Cl 4(C0) ./DCNA)3.
F. Iridium Chemistry
Dlcyanoacetylene added to Vaska's compounds and homologs to 
form one-to-one adducts bearing the general formula IrX(CO)(DCNA)Ph3E 
(e * P, X *■ Cl, Br, I, NCS; E " As, X ■ Cl), These DCNA complexes 
were stable In solution over a period of days and did not appreciably 
deconpose on exposure to the atmosphere. The compounds are monomeric 
and do not dissociate to any great extent In solution, as Indicated by 
the experimentally observed molecular weights determined by vapor- 
pressure osmometry. Although an excess of DCNA (greater than 2:1) was 
employed in some experiments, no dimerizatIon of DCNA to form lrida- 
cycLopentadlene complexes was observed.
In contrast, the complexes [lrCO(dlphos)2]C1 and [ir(diphos)p]- 
Cl (dlphos " 2-diphenylphosphlnoethyldiphenyIphosphlne) reacted with DCNA 
to produce only dark Intractable tars from which no well-characterized 
complex could be Isolated. It wab alBo observed that neither hexa- 
fluorobutyne nor fumaronitrlle would react with the latter of the two 
diphos-contalning irldium(l) substrates.
The reaction of DCNA with the iridium dinitrogen complex,
IrCl( N £ )(Ph3P)2 proceeded relatively cleanly to give a pink product
118
with an unusual infrared spectrum. Analyses for carbon, hydrogen, and 
nitrogen best suited a formulation for the reaction product as IrCl- 
(DCNA) £>(Ph3P) and the presence of multiple bands in the region 
17 0̂-18^0 cm'1 suggested multiple stretching inodes of coordinated 
acetylenes. Moreover, the compound was found to be monomeric with an 
experimentally observed molecular weight of ■■jlif. If the formulation 
Ir(Cl)(DCNA)p(Ph3P)  ̂Is found to be correct In the course of future 
work, this compound would constitute the first example of an iridium 
complex containing multiple, Independently-bonded acetylenlc ligands.
The remaining Iridium-DCNA chemistry involves the complex 
Ir(H)C0(Ph3P)3 , or compounds derived therefrom. As a result of the 
partial dissociation of Ph3P from solutions of the complex IrH(CO)- 
(Ph.̂ P).,, the reaction of this material with DCNA was complicated by 
the formation of the dark red DCNA-Ph:jP derivatives, and no well- 
characterized complex could be Isolated from this reaction. However, 
when one Ph3P ligand was replaced by CO, the complex Ir(h)(CO)?(Ph3P)P 
was found to add two moles of DCNA, forming a complex characterized as 
Ir[-C(CN)"CH(CN)](C0)(DCNA)(Ph3P)s. This product results presumably 
from dissociation of a CO ligand, coordination of a DCNA molecule to 
fill the vacant coordination position, insertion of DCNA into the Ir-H 
bond to form a dicyanovlnyl-complex. This coordlnatively unsaturated 
dicyanovlny1-complex could add another molecule of DCNA to give the 
product. The product was Isolated only by several careful recrystal­
lizations from CH^jCI^/CH^OH.




The reactions and products described in the Experimental 
Section of this Dissertation indicate that dlcyanoacetylene behaves as 
a ligand of exceptionally high H-acidic character. The complex 
Pt(Ph3P )e(DCNA) may constitute the most stable complex of this type 
yet prepared. Generally, experimental investigations of stability or 
reactivity of such metal-acetylene complexes have been concerned with 
properties Involving kinetic stability, such as dissociation thermal 
decomposition, or oxidative addition. It is recognized that kinetic 
stability does not imply thermodynamic stability for a given compound. 
However, the data in Table IV do show a definite corelation between 
thermal stability and electron withdrawing power of the substituent on 
the acetylene. A relative measure of higher electron-withdrawing power 
of the substituent is reflected in the higher positive value of the 
Hamnett o-conBtant of the substituent group. Unfortunately, the chem­
istry of the thermal decomposition of these metal-acetylene complexes 
is poorly understood, and whether thermal stability implies kinetic 
stability, thermodynamic stability, or something else, is still debate­
worthy .
A kinetic study of rates of displacement of various para- 
substituted phenylacetylenes revealed that the reaction mechanism in­
volved the equations shown below in reactions 5 and 1+.3 G '31
Pt(Ph3P)^(Li) - Pt(Ph3P)2 + L a 







STABILITY DATA FOR PLATINUM COMPLEXES OF THE 
TYPE Pt(ACTIVATED ACETYLENE)(PPh3)£
Activated




NC-CC-CN* 8'W JV. 108 '1 6 40. 06
CF3-C3C-CF3b £>.12-21 6 LYto 40.
MeOOC-C^>COCMeb i«8-lyo 1788 — 40. kb
Ph-CiC-PhC 161-166 1768, 1763 —
Ph-C=C-HC 161-168 1687 628
a. This work.
b. E. 0. Greaves, C. J. Lock, and P. M. Malt 1 is , Can. J. Chem. 66,
5H70 (lytvi)-
c. C. D. Cook, Ph.D. Dissertation, University of Toronto, 1962.
d. L. N. Ferguson, The Modern Structural Theory of Organic Chemistry,
Prent ice-Hall, Inc., Englewood Cliffs, New Jersey, , p. hl’-j.
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Extrapolation of these results to Include stronger TT- 
acldlc ligands such as C^Fei DMCA, and DCNA, has yet to be validated 
by experiment. One cannot eliminate the possibility that an associa­
tive mechanism, such as is shown in reactions 5 and 6, is the dominant 
reaction mode with complexes of strong fT-acids.
Pt(Ph3P)jLj + L* » Pt(Ph3P)^(L1)(Li>) slow (5)
F t f p h ^ L i X L a )  - Pt(Ph3P)^(L^) + Lj fast (6)
In any case, It is observed that platinum complexes of stronger TT- 
aclds react more slowly than do those of weaker Tf-acids. This result 
is consistent with either mechanism.
In platinum-acetylene complexes of the type Pt(Ph3P)^(l), one 
observes an Infrared band in the region I0OO-I8OO cm"1, which is at­
tributed to the stretching frequency of the coordinated acetylenlc bond. 
The arithmetic difference of the frequency of maximum absorption of this 
band and that of the free acetylene, i.e. Av , has been assumed by 
some to be a quantitative indicator of metal-acetylene bond strength.
The rationale for this approach involves the consideration of the oc­
cupancy of the acetylene TT*-orbitals which have the proper symmetry and 
similar energy, such that the filled metal d̂ orbitals can overlap with 
the initially empty ligand TT*-orbltals. This results in a decrease in 
the C^C bond order of the acetylene, and a concomitant increase in the 
metal-acetylene bond order. If one presumes that the is directlyv ̂
proportional to the metal-acetylene bond strength, the data in Table IV 
would indicate that the most stable platinum-acetylene bond would be
122
found In the complex Pt(ph3P}e(C.JF,e) * while the DCNA and phenylacety- 
lene complexes would be expected to display approximately equal 
stability. However, the reaction chemistry of theue complexes does 
not bear out such a prediction. Although the reaction of Pt(ph3P)^- 
(C^Fe) TCNE has yet to be examined, the complexes Pt(Ph,P)jj-
(PhC^CH) and Pt (Ph:tP) ̂ (DCNA) react with TCNE at distinctly different 
rates to produce the same reaction product, Pt (Ph3P)-.(TCNE) . The reac­
tion of TCNE with the phenylacetylene complex is complete within a few 
minutes, while the reaction with the DCNA complex requires between six 
and twenty-four houra to reach completion, even using a ten-fold excess 
of TCNE.
The fact that direct comparison of Av values of several com­
plexes leads to an Incorrect prediction of chemical behavior, does not 
mean that the spectral data have no value for theoretical arguments. 
Rather, there appears to be a critical need for a more sophisticated 
theoretical framework around which to construct arguments from the 
spectral data concerning the bonding in these transition metal complexes 
For the complex Pt(Ph3P)^(DCNA), the reduction in the acety-
ft
lenic stretching frequency amounts to I+36 cm"1, as interpreted from a 
medium, broad band with maximum absorption at 168} cm"1 (see Figure I3)■ 
Moreover, the conjugated cyano-groups also indicated a reduced strecth- 
ing frequency by about 55 cm-1 below that of the uncoordinated ligand.
*The initially reported Raman-active C=C frequency of 226783 for di- 
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FIGURE 13
Selected Infrared Banda of the 
Complex Pt(Ph3p)s(DCNA)
12U
This could be Interpreted to mean that the substantial Increase In 
the population of the TT*-levels of the acetylenic bond has carried 
over to the TT*-levels of the conjugated cyano-groups, thereby also 
reducing the CN bond order. On the other hand, it has also been cal­
culated that the Pt(o) orbitals extend far enough out into space to 
reach the CN groups, seriously perturbing the CN orbitals.1^9
With the advent of X-ray techniques, it is also possible to 
observe bonding changes seml-dlrectly. Bond distances and angles have 
been tentatively determined for Pt(Ph3P)£(DCNA),150 and the results 
generally resemble those obtained for the analogous Ph-C^C-Ph complex, 
Pt(Ph3P)^(PhC=CPh). As shown in Figure 1U, in the DCNA complex, the 
C C  had substantially lengthened from 1.19 ^ 1° the free ligand92 to 
around 1. JkJ X in the complex,1,50 and as in the Ph-C^-Ph complex, the 
acetylene substituents were bent back away from the platinum and the 
acetylenic axis. However, it was also apparent In the DCNA complex 
that each of these atoms of the C-C H fragment of the DCNA molecule 
remained colinear despite the loss of total linearity by DCNA upon co­
ordination.
The plane of the DCNA ligand is also observed to be slightly 
inclined (8°) to the plane defined by the platinum and two phosphorus 
atoms. Although there is no readily apparent electronic reason for 
this distortion from planarity, such aberrations have been observed 
for all examples of such complexes examined by X-ray cryatallographic 
techniques.30 The explanation for the distortion from planarity prob­







Diagram Showing the Molecular Geometry In the Complex M(Ph3P)2(dCNa ),
whare M is Pt.
Selected bond distances and angles are: P1MP2 * 104°; £ CjMCa - 50°;
Pi-M - 2.29 A; P£-M - 2.27 A; M-Cb - I.98 Ai M-C2 - I95 A; Ci-C^ - 1. hO A;
C-N - 1.1U 8.
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s t a t e ,  t h e  s i i l i s t  i t iit’iit s o f  any  T - a c i d  l i g a n d  i n  s u c h  a  c o m p l e x  c o u l d  
h e  c r o w d e d  by t h e  p h e n y l  s u b s t  i L u e n t  s o f  t h e  Ph-.P l i g a n d s  o n  t h e  s a me  
or n e i g h b o r i n g  m o l e c u l e s .
One group of authors has extended this sterie explanation 
to include repulsion forces between the unsaturated carbon atoms of 
t lie olefinic (or acetylenic) ligand with the phosphorus atoms on the 
opposite side of the metal atom, lh,J However, the present discourse 
Is not intended to support this theory directly. Rather, it Is the 
emphasis oi tin’ following paragraph that the deviation from total 
plannritv is a function of the inter-atomlc repulsion of the olefinic 
n w  ace tvlen let substituents witli the bulky phenyl rings on the tri- 
pli.m v 1 phosph f ne ligands. Were the symmetry of the complex strictly a 
tunction of electronic factors, It is felt that the complexes would all 
possess the "pseudo-square planar" geometry.
Ttie distortion from planarity is relatively small for the 
complexes Pt (Ph ,P ), .(CS;,) and Pt (Ph-,P);,(DCNA) . Both DCNA and CS;. bear 
relat tvelv smalt substituents. Conversely, the substituents on TCNE 
and Pti-C C-Ph necessarily require more space than do DCNA and CS ..
The result is that the distortion from planarity is higher in the TCNE 
and d i phenv facet y lene complexes (lOl) and DiIJ, respectively) than in 
ttic IX’,NA and CS complexes. Such a deviation from planarity has also 
been measured for the n I eke 1-ethylene complex, Ni (phMp);,(C;,H4) ( li/') ,lf 
where both substituents and bond distances are proportionately smaller 
than In Pt(Ph ); (TCNE) , but where also the distortion angle is com­
parable, The steric argument is further strengthened by the observation
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that the five atoms, 0, 0, Pt , P, P, are essentially co-planar in the 
complex Pt (Op) (Ph.:,) iee
The fact that Pt{Ph^P)^(DCNA) la the product when either 
PtfPh^P),, or Pt (ph^Pj^PhC^CH) solutions are reacted with DCNA is 
exactly as expected. Both of these substrates are known to dissociate 
readily In solution to give a reactive intermediate, presumed to be 
PtfPhjP);-. The latter is known to add strong T-acids to form rela­
tively stable complexes. JO'3i! However, the formation of the same 
bright-orange DCNA complex from PtHCl(Ph^P)^ in THF is unusual. Tetra- 
cyanoacetylene is the only other ligand in the category of olefins and 
acetylenes which has been observed to displace HC1 from the complex 
Pt {H)C1 (Ph -jP) L,, 36 A mechanistic study of the TCNE reactions with 
hydrido-platinum compounds suggested that the reaction proceeds through 
initial formation of an addition complex, with the general formula 
PtHXfi^P) (TCNE) {where X is a mono-anion and R is alkyl or aryl), which 
subsequently undergoes elimination of HX to form the TCNE complex.16'3
Formation of complexes of the type Pt(R ,P)^(olefin) is not 
the usual mode of reaction for olefins with hydrido-platinum complexes. 
Ethylene (C^H4) reacts with PtHC^Et^P)-, in cyclohexane at 713J C and 
liG atm to give a 2l$> yield of PtCl(C2Htj) (Et3P) ̂  in 18 hr, and the reac­
tion is reversible. The "insertion" of an olefin into a metal-hydrido 
bond has been observed to be the characteristic reaction in many 
cases.164 * 166
Pending the evolution of any more advanced considerations, 
the model of the addition complex suits well for the intermediate 
leading to the formation of the "insertion" product. If one considers
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the Initial reaction In terms of an oxidative addition to produce a 
formally Pt(lV) species (with an olefin or acetylene behaving as a 
"chelating” , two-coordinate dianion), then the chemistry of this reac­
tion parallels the addition of HCl to PtHCl(R3P) where the product 
Is the complex PtHpCl^fRaP)Glocking and co-workers166’107 have 
also suggested that formally Pt(lV), six-coordinate complexes may 
function as the reactive Intermediates in ligand exchange reactions 
involving ligands of group IVb (C, SI, Ge). In a slightly different 
sort of reaction, Wllkinaon160>167 reported the isolation of a di- 
nuclear, halogen-bridged, s i x-coord Inate product, Pt^(^e) l) 4(CS -We) 'J~ 
PPhMP)^, from the reaction of methyl Iodide with Pt (CS;j) (PhMP)^. Much 
earlier, Chatt and Shaw proposed the formation of "platinic" inter­
mediates in reactions of platinum(II) alkyls and aryla , and succeeded 
in isolating PtI^(Me)^(R3P)2 (where R = Et, Pr). Baddley and Uguagllati 
succeeded in isolating the complex PtHCN(TCNE)(Et3P ) w h i c h  may be re­
garded formally as a "platinic” derivative, analogous to the variety 
of such complexes mentioned above.103
Although no such "platinic” intermediates were isolated from 
the reactions of DCNA with platinum hydrides, the results are fully 
consistent with the formation of an addition complex of the type PtHCl- 
(Et:iP) ̂ ,(DCNA) which subsequently rearranges to form the appropriate 
product. Such a mechanism, as shown in Figure l1;, is particularly 
interesting in view of the observed solvent dependency in the determin­
ation of the reaction product. In tetrahydrofuran, a donor solvent, 






Effect of Solvent on the Reaction Product 
Formed Between DCNA and PtHCl(Et3P)s
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moiety (see Figure 16). However, in benzene, the product was the 
traditional insertion product, P tCl L-C (CN) =“CH(CN) ] ( Et 3P) ̂  , a dicyano- 
vinyl complex (see Figure 17). The fate of the hydride ligand in the 
formation of the orange complex, Pt (DCNA) (Et -3P ) y , has not been deter­
mined. It may be removed from the reactive intermediate by forming a 
THF-solvated complex ion. Alternatively, it may be abstracted by 
excess DCNA in the formation of chlorofumaronltrile, or it may appear 
in DCNA polymers. Suffice It to say that THF facilitates the removal 
of HCl from the intermediate. Without the proton-solvat ion assis­
tance provided by THF, the most favorable reaction product remains 
the insertion complex, the yellow dicyanovinyl complex.
It is clear from the above reactions that DCNA is a weaker 
TT-aeid than TCNE. The latter effects removal of HCl from the complex 
by activation of the Pt-H and Pt-Cl bonds even without the aid of a 
donor solvent. Nevertheless, It is also clear that DCNA possesses a 
very high T-acldity, and It represents the only acetylene reported to 
displace HX under any conditions from such a react ion-intermediate.
The situation with triarylphosphine platinum complexes, 
analogous to the trialkylphosphine complexes discussed above, appears 
to be somewhat more complicated mechanistically. When DCNA was reacted 
with PtHCl (Ph-,P) ? in dry benzene, only starting material and dark- 
colored tars could be isolated. However, when THF was substituted as 
the reaction solvent, good yields (6^) of Pt (Ph3P) 2(DCNA) were ob­
tained .
The fact that the reaction is facilitated by THF as a solvent 
indicates one of two possibilities. Either the Pt-H bond is already
131
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FIGURE 16
Selected Infrared Bands of the Complex 
Pt(Et3p)2(DCNA)
\ r
± J L 1
1550 15 0 0
cnrr1
1 1_ _ _ _ _ _ 1_ _ _ _ _ _ I_ _ _ _ _ _ L
2 4 0 0  2 2 0 0  2 0 0 0  c r r r 1
152
__ I
1 4 5 0
FIGURE 17
Selected Infrared Banda of the Complex 
PtClf-C(CN)*CH(CN)](Et 3P)g
155
partially broken by solvation before the DCNA attempts to coordinate, 
or THF solvation increases the electron density on platinum directly, 
assisting the "back-bond" formation of the DCNA-plattnum bond even in 
the Initial stages of coordination. Actually, both factors could 
operate simultaneously to stabilize the formation of the reactive 
intermediate and stabilize subsequent elimination of HCl. However, 
one would expect a six-coordinate "platinic" intermediate to be rela­
tively crowded. The substantial sterlc hindrance experienced by the 
ligands especially as a result of the six bulky phenyl groups of the 
triphenylphosphine ligand should reduce the stability of a six-coordinate 
intermediate so that it becomes energetically unfavorable.
It is appropriate to note at this point that DCNA did not re­
act with PtHCN(PhjP) under any conditions. The fact that cyanide is 
known to be such an excellent iT-acceptor1TO >17i implies that such 
ligands would reduce the availability of d-electrons to any incoming 
tf- accept or ,172 and thereby make initial coordination more difficult for 
the incoming ligand. Also, a TT-bonding anion makes the elimination of 
HX more difficult because of the Increased M-X bond strength. Con­
versely, halides {X = Cl, Br, I) have been observed to funcatlon as Tf- 
donors in complexes of the type Pt (F-Ph(x) (RyP) (where F-Ph Is a 
meta- or para-fluoropheny1-ligand, R m Et and X ■ a halide),173 and as 
such, would be expected to facilitate formation of the transition state 
intermediate by Increasing d-orbital availability.
The associative (addition) mechanism observed for hydrido- 
platlnum(ll) complexes stands in distinct contrast to the dissociative 
mechanism found in displacement reactions of TT-bonding ligands in
complexes of the type Pt(Ph3P)£(acetylene or olefin).163 Unfortunately, 
no strong ff-acids were Included In the study of the dissociative mech­
anism studied by Cook.30'31 It Is just possible that In the transition 
from formally platinum(o) In 2t(ph3P)£ to formally platinum(II) In 
PtHCl(Ph3P)p, the mechanism of the reaction changes from dissociative 
to associative. This question is particularly relevant in view of the 
reaction described in the Experimental Section of this Dissertation, 
in which TCNE gradually displaced DCNA from the complex Pt(Ph3P)p(TCNE). 
Unfortunately , attempts to follow the progress of the displacement 
spectrophotometrlcally were complicated by the formation of dark-colored 
products formed in side reactions. No conclusions could be drawn except 
that the reaction was very slow relative to the reactions of TCNE with 
the hydrido-platlnum(II) species. Regardless of the mechanism, it is 
apparent that DCNA is an exceptionally strong Tf-acid, as Indicated by 
its resistance to displacement by several other TT-actds, such as fumaro- 
nitrile, phenylacetylene, and carbon disulfide, except TCNE.
Since infrared spectral and X-ray diffraction evidence sup­
ported the idea that an acetylenic bond is reduced in bond order almost 
to that of an olefin upon coordination, It was of interest to investi­
gate the reactions of coordinated acetylenes. At the time that this 
work was begun, no such studies had yet appeared, and the study of co­
ordinated ligand reaction chemistry suggested Itself as a good method 
for the further investigation of the nature of the metal-acetylene bond.
*1 would like to thank Dr. P. Uguagliatti for his expert assistance 
in the performance of this experiment.
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Excess bromine oxidized Pt(Ph3P)^(DCNA) to a platlnum(IV) 
complex, PtBr^(PhaP)as one would predict In view of the strongly 
oxidizing properties of this halogen. However, careful addition of an 
equimolar amount of bromine to the solution of Pt(Ph3P)^(DCNA) pro­
duced an attack on the coordinated acetylenic bond. The resulting 
material Isolated from this reaction was characterized as the complex 
Pt (Ph3P) ̂ (C4N;Jre) . From a theoretical standpoint, this reaction is 
most significant because it illustrates the strength of the platinum- 
dIcyanoacetylene bond. If this were not the case, cleavage of the bond 
between the metal and the acetylene would have resulted in the forma­
tion of a vinyl compound, PtBr[*C(CN)™CBr(CN)](Ph3P ) H o w e v e r ,  the 
latter was definitely not observed as a product of the reaction.
The nature of the white material resulting from the reaction 
of Pt(Ph3P)^(DCNA) with HCl remains puzzling. The same white material 
was Isolated from the reaction of Pt(Ph3P) DCNA) with dry hydrogen 
chloride gas in benzene, with aqueous HCl added to a THF solution of 
the DCNA complex, with acetyl chloride and with benzyl chloride. The 
infrared spectrum of the white product included a possible vinyl band 
at I'/jt) cm-1 and CN bands at ylyo cm"1 and 222Q cm-1. Also appearing 
were unassigned bands at cm-1 and 110J* cm"1. No change was observed
in the infrared spectrum of the white product obtained when the deute- 
rated reagent (DC1 in D^O) was substituted for HCl in H^Q. Consequently, 
It is inferred that the insoluble white product is not a hydrido- 
platinum species. The most provocative property observed for this com­
pound was Its extreme Insolubility in a wide range of solvents, from
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water to chloroform. Suspecting that It could be a halogen-bridged 
polymer, the white material was warmed In pyridine (known to cleave 
halogen bridges) In hope of dissolving the material. Strangely 
enough, the product not only dissolved, but was transformed to the very 
dicyanovlnyl complex that had been anticipated originally from the re­
action of DCNA with PtHCl(Ph:iP )^ , that is, PtCl[C(CN)-CH(CN)](P h tP) 
Although dimethylformamlde also effected the rearrangement to the 
monomeric dicyanovlnyl complex, stronger bases such as triethylamine 
and piperidine failed to dissolve or react with the white compound.
Owing to its extreme Insolubility, the white compound defied 
characterization with the vapor-pressure osmometer as to its molecular 
weight, or with an nmr spectrometer as to the chemical environment of 
protons in the product. Infrared spectral data (see Figure 18) sug­
gested that the DCNA molecule remained in the product, and elemental 
analyses fit best a formulation Involving one mole of HCl added per 
mole of starting material. Formulation of the product as a halogen- 
bridged tetramer of the dicyanovlnyl complex, that Is, {PtClC-C(CN)= 
CH(CN) ](Ph-3P)^) 4, Is one possibility. Employing such a formulation, 
it Is possible to arrange the ligands such that each platinum atom 
becomes effectively six-coordinate. As shown In Figure 19, the struc­
ture Involves an arrangement of platinum and chloride atoms in two 
interpenetrating tetrahedra. Thereby, a platinum or a chlorine atom 
alternately occupies each apex of a cube. Moreover, each platinum 
atom shares three chloride ligands , while retaining two Ph3P ligands 
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FIGURE 18
Partial Infrared Spectrum of the White Insoluble 
Material Formed In the Reaction of HCl with 
Pt(Ph3P)^(d c n a).
A possible formulation for this product is 
CPtCl[-C(CN)'CHCCN)](Ph3P)2}4.
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FIGURE 19
Possible Structure of White, Insoluble Product Formed by the 
Reaction of HCl with Pt(Ph3F)DCNA.
Ph-,P is the triphenylphosphine ligand, and L represents
C-C(CH)-CH(CN)].
139
a structure for platinum(IV) complexes In the tetramerlc chlorotri- 
methylplat inum, [ptCl(Me)3]4. rr<
The reactions of HBr and HI with Pt(DCNA)(Ph3P)2 are not as 
clear-cut as the reactions of HC1 and BrP. In at least one instance, 
the product of the HBr reaction was clearly PtBr[-C(CN)“CH(CN)](Ph3P) 
However, the analyses of the reaction products varied considerably 
with reaction conditions, such that even PtBr ;J(Ph3P) was once iso­
lated. Since these reactions appeared to proceed without formation 
of dark-colored side reaction products that usually plagued DCNA 
chemistry, the HBr reaction would be suitable for a spectrophotometric 
kinetic study, which might unravel the mechanism of HX addition.
In hopes of preparing a complex of dicyanocyclopropene, the 
DCNA complex was allowed to react with phenyldia2omethane. The latter 
is known to give the usual dlazomethane reactions,134 and it was 
reasoned that phenyIcarbene could add to the platinum-stabilized 
acetylenic bond, forming a complex of 3-phenyl-l ,2-dicyanocyclopropene. 
However, analytical results indicated that the entire phenyldiazo- 
methane molecule had participated in adding to the complex in attack­
ing the acetylenic bond. The product may be a complex of 31 ̂ -dlcyano- 
pyrazole. There is a precedent for a eyeloaddition in the reaction of 
diazomethane-DCNA, as reported by Weis113 in the formation of a $ ,k- 
dIcyanopyrazole. In the reaction reported by Weis, a second mole of 
dlazomethane reacted by methylating one of the ring nitrogens. However, 
the addition of a second mole of phenyIdlazomethane produced no ob­
servable effect on the DCNA-platinum complex. Clearly, the reac­
tions of dlazomethanes with coordinated ligands can constitute a fer­
tile field of study for future work.
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Another reagent known for Its reactivity with unsaturated 
materials Is benzonitrlle oxide, which forma laoxazoles . 1 73 >1 76 Ben- 
zonitrlle oxide was prepared and waa allowed to react with Pt(Ph3P)£- 
(DCNA), but this reaction did not produce satisfactory results. Prob­
lems stem from two sources. First, benzonitrlle oxide dimerizes 
readily above C to form furoxans.135 Second, benzonltrile oxide Is 
prepared by extraction from dilute aqueous alkali Into ether. However, 
the DCNA-platinum substrate Is not soluble In either solvent. The 
best solution to this problem consisted of adding the ether solution 
of Ph-CNO to a THF solution of the DCNA-platinum complex. An alter­
nate procedure involving the _ln s Itu preparation of Ph-CNO In dimethyl- 
fomiamide with N-bromosucc Inimlde, 13(5 waa unsuitable because of the 
side reactions of the complex with the N-bromosucclniinlde. With im­
provements in preparation of Ph-CNO, It ahould be possible to effect 
eyeloaddltIon of this molecule to coordinated DCNA- Weis succeeded In 
reacting It with free DCNA, forming li-benzo-£ ,3-dicyanolsoxazole. 113
Since there appears a parallel between the eyeloaddltion 
chemistry and the transition metal chemistry of electron-deficient 
acetylenes, it was of Interest to see if the reactive species (PhgPjgPt 
would display a carbene-like reactivity towards the coordinated acetyl­
enic bond of DCNA. The result of the reaction of Pt(ph3p)(DCNA) with 
excess Pt(ph3P)4 [which dissociates to (PhgPj^Pt in benzene] was the 
isolation of a light-yellow crystalline complex which showed no infra­
red absorptions from l^OO-c'OOO cm"1, except for the weak bands of Ph3P 
at 1575 cm"1 and 1^99 cm"1. In addition, the spectrum contained CN
1 U
bands at £170 cm*1 and £183 cm-1 (vs,sp), and the complex analyzed to 
fit the formulation of the product as Pt2(Ph3P)4(DCNA). As shown in 
Figure 20, the proposed structure of this material Is similar to the 
structure observed for the cobalt complex of the type (CO)2(CO)6- 
(acetylene),6H {Figure 6), However, cobalt(o) possesses a formal 
electronic configuration of d_J , while platinum(o) Is formally 
The result is that cobalt is constrained to dimerize, forming a metal- 
metal bond (if It is to avoid unpaired electrons in zerovalent Co com­
plexes), which thereby places a constraint on the geometry of the re­
sulting complexes. The Important point is that platinum is not like­
wise constrained, and the dinuclear DCNA-platinum complex need not 
display the relatively sharp bond angle between the metal-acetylene- 
metal that is found in complexes of the type Co^(CO)e(acetylene). The 
platinum complex, Pt3(PPh3)4(DCNA), may even be entirely planar, de­
pending on a balance of sterlc and electronic considerations. In the 
end, this question can be resolved only by X-ray analysis.
Among other reagents reacted with the complex Pt(Ph3P)?{DCNA) 
were formaldehyde, acetaldehyde, and acetone. Although these reagents 
have been shown to react with the less stable complex, Pt(Ph3P)2(02),i77 
no evidence of a reaction of Pt(Ph3P)e(DCNA) could be detected with 
either ketones or aldehydes, even after extended refluxlng of the re­
actants .
The phenomenon of the precipitation of the white insoluble 
product from the reaction of HCl with Pt(Ph3P)^(DCNA) prompted the in­
vestigation of the HCl reaction with other complexes in the series
P h /
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Pt(ph3p)s( acetylene) In which the acetylenes were hexafluorobutyne, 
(C4Fe). dimethyl acetylenedicarboxylate(DMCA)» end phenylacetylene.
Both the DMCA, and C4F6 complexes formed isolable one-to-one 
adducts with HCl. However, the reaction of the phenylacetylene complex 
with HCl produced only gradual decomposition. Neither of the former 
two reaction products exhibited the extreme insolubility of the HCl 
adduct with the DCNA complex. By contrast, the HCl adducts of the 
DMCA and C4Fe complex could be recrystallized from CHgCl^/ethanol, 
and were characterized as the monomeric complexes, PtCl [-C(COOCHa ),= 
CH(C00CH3 ](Ph3P) 2 and PtCl[-C(CF3)-CH(CF3) KPh^)^.
Recently, the latter complex was reported Independently by 
Tripathy and Roundhill,1Ta who also reacted HCl with dimethyl- and 
dlphenylacetylene. These authors proposed a mechanism involving 
hydridic intermediates, which rearranged to form vinylplatinum(II) 
halides in the first step and then to form PtX£.(Ph3P)p {where X = Cl, 
Br) and L ,2-disubstituted ethylenes in a second step. Although this 
communication suffered no plethora of spectral data, the results appear 
to be entirely consistent with those reported here. However, their 
proposal of hydridic intermediates must be labeled as pure speculation 
at this point, since they do not support this idea with any spectral 
data, but rather with precedents of the addition of HCl to zerovalent 
platinum-phosphine complexes to form both Pt(ll) and Pt(lV) 
hydrides.i3e»139>17s-1BO
From the work of Tripathy and Roundhill, one point that is 
particularly Interesting is the lack of the report of any halogen- 
alkylplatinuro(II) halides resulting from the addition of HX to the
Lkk
viny1-platInum complex. Similar results were obtained by Kemmltt, 
who added trifluoroacetic acid to analogous olefin and acetylene com­
plexes and obtained alkylplatInum and vlnylplatlnum(ll) trifluoro- 
acetates.181 Kenmitt also observed that the addition of a second mole 
of HX cleaved the M-vinyl bond, producing PtX2(Ph3P)2 and an olefin, 
rather than a complex of the type PtX(-RXC-CHpR)(Ph3P )p.
The results of the above two sets of experiments imply that 
vlnylplatInum complexes are not actually inert to HX addition, but 
that the cleavage of the Pt-vinyl bond, and subsequent formation of 
the dlhalogeno-platInum complex, is simply the most facile reaction 
path. The olefins liberated were detected by glc analysis of the 
vapors evolved from the reaction mixture. This procedure did not sug­
gest itself with the DCNA chemistry as the dicyanoethylene reaction 
products are not as volatile as the 2-butene and stllbene compounds 
liberated from dimethyl- and diphenylacetylene complexes respectively.170
Recently, Clark has reported a reaction product which for­
mally corresponds to the six-coordinate intermediates implicated in 
the preceding discussion.182 From the reaction of C ^ a  with Pt(Cl)- 
(Me)(L)p (where L " dimethylphenylarsine), a white precipitate was ob­
tained, which included a band at 1870 (v ) in its infrared spectrum, 
and presumably produced analytical results which fit the formulation as 
PtCl(MeXMepPhAs)2(C4F6). However, it was observed that after three 
weeks at room temperature, the product had rearranged to the known 
insertion compound, PtCl[-c(CF3)atC(CF3)CH3] (MepPhAs) containing a 
vinyl stretch at 1610 in its infrared spectrum.182 In contrast, the 
complex PtCl(Me)(Me^PhP)P reacted very slowly with C4Fe in CHC13 at
U5
room temperature. After one week, equlmolar amounts of a "ring com­
plex", Pt(C4Fe)(MepPhP)2, and a p1atInum(IV) adduct, Pt(Me)e(Cl) 
(PPhMe^)^, were Isolated. This result Implies that formation of the 
initial one-to-one adduct of C ^ e  *nd the starting complex is followed 
by dlsproportlonation with another molecule of starting complex.
Clark noted an Interesting solvent dependency In the reaction 
of C4Fg with the complex Pt(Me)^(Me^PhP)In ether (Et^O), two moles 
of C 4Fe reacted per mole of complex, forming the "double-insert ion" 
product, PtC-C(CF.3)*CH(CFa) ]^(Me^PhP) Conversely, when benzene was 
the solvent, a ring complex was formed, Pt (C^e) (He^PhP)
It Is clear that the reactions of coordinated acetylenes and 
the reactions of acetylenes with hydrido-, alkyl-, and aryl-substituted 
platinum complexes Is destined to provide a fertile field of interest 
for several years to come. Many interesting experimental results will 
evolve, and eventually the kinetics and mechanisms of the reactions as 
well as the bonding in the reaction products may be well understood.
B. Attempted Reaction of DCNA with a Gold(l) Complex
Since AuCl(Ph3P) is known to undergo oxidative addition with 
strong electrophlles, such as halogens which form complexes of the type 
AuCl3(Ph3P)(III) , it was of interest to consider the reaction possibil­
ities with organic electrophlles such as cyanocarbons. Although gold(l) 
is isoulectronic with platinum(O) (which is a very reactive material), 
the complex AuCl(ph3P) displayed absolutely no inclination to form 
complexes with DCNA. Mercury(II)chloride is known to react with DCNA
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to form bis(2-chloro-1,2-dicyanovlnyl)mercury(II).113 Since Hg(ll), 
Au(l), and Pt(o) are all formally d̂ lO) In electronic configuration, 
and both Pt(0) and Hg(ll) react with DCNA, It Is somewhat surprising 
that no reaction was observed between DCNA and an Au(l) complex. Ap­
parently, AuCl(Ph3P) is Just too stable a complex to have its elec­
tronic structure interfered with by incoming ligands, except those 
which are strongly oxidizing (such as chlorine atoms). Perhaps better 
results could be obtained in the future using acetates or nitrate 
salts, which form weaker bonds than does chloride with the gold atom.
C. Reactions of DCNA with Complexes of Palladium and Nickel
Preparation and characterization of acetylene complexes of 
palladium and nickel lags considerably behind the progress experienced 
In this field In complexes containing platinum. This lag may be at­
tributed to the decidedly lower stability of such complexes, and the 
increased tendency of the metal ot oxidize. The general order of sta­
bility of the metal-carbon sigma bond in complexes of the type M(R/)fJ" 
(R3P)2 (where R / is a sigma-bonded alkyl or aryl ligand, and R is an 
organic substituent) accepted as decreasing on changing the metal in 
the order Pt > Pd > Ni.IB3 However, recent work with the metal-acetylene 
complexes suggests that the decreasing order of stability should run 
Pt > Ni > Pd.143
The discovery of the efficient reduction of Ni(ll) to Ni{0) 
by alkylalumlnum compounds in the presence of effective ligands such 
as triphenylphosphine, eyelooctadiene, and others, has made research
lvr
In nlckel(O) chemistry more feasible and less dangerous.184’105 
Previously, the general starting material for the preparation of 
Nlckel(O) complexes was the exceptionally toxic Ni(CO)4.188>187
Coordination of an olefin or acetylene to form an active 
intermediate is one of the crucial Bteps postulated for the homo­
geneous catalytic hydrogenation and isomerization of unsaturated 
organic molecules by platinum(II) hydrides.130 When it was also 
shown that catalytic activity In hydrogenation took place in the pre­
sence of some palladium and nickel complexes In the (II) oxidation 
state,146>100 It was taken as a cue in some scientific circles that 
the chemistry of zerovalent nickel and palladium complexes with un­
saturated ligands was a field awaiting exploitation.
Just previously, Maltlls had reported the synthesis of the 
complexes Pd(Ph-,P) ̂ (acetylene) in which the acetylene was either C4Fe 
of DMCA.180 Slightly thereafter, WllkinBon reported the synthesis of 
Ni (CS2) (Ph3P) 2 and Pd(CS2) (Ph3P) 2.180 However, almost two years 
passed before Maltlls published the detailed synthesis of a number of 
palladium- and nickel-acetylene complexes.143 In addition, the last- 
mentioned paper proved valuable in itB clarification of the experi­
mental details of the preparation of Ni(C2H4)(Ph3P)2 with alkyl- 
alurninum compounds as prepared by Wilke.104 It also extended the use 
of alkylaluminum compounds for the synthesis of Pd(Ph3P)4, Improving 
on the original preparation of the tetrakls(trlphenylphosphine)- 
palladlum as originally published by Malatesta.190
Both hexafluorobutyne (C4Fe) and dlmethoxycarbonylacetylene 
(DMCA) are reported to react with Pd(Ph3p)4 to produce satisfactory
li*8
yields of products of the type Pt(Ph3P)g(R-C=C-R), where R-C^C-R ■ C4Fq 
or DMCA. In contrast, complexes could not be prepared using ligands 
diphenylacetylene and methylphenylacetylene (1-phenylpropyne). How­
ever, different complications arise In the reaction of DCNA with 
Pd(Ph3P)4. In contrast to the analogous platinum reaction, the ad­
ducts of DCNA with Ph3P prohibit the direct isolation of the desired 
complex, Pd(Ph3P)?(DCNA). Since the latter compound appears to be 
slightly soluble in alcohol, and more labile to dissociation in solu­
tion than the analogous platinum complex, this reaction proved un­
satisfactory as a synthetic route to the palladiurn-DCNA complex. 
Although the monitoring of the reaction mixture indicated that sub­
stantial amounts of Pd(Ph3P)p(DCNA) are formed, the products obtained 
from attempted purification of the reaction products are of the nature 
of decomposition products as indicated by the low CN stretches 
(216 9 cm-1), implying the presence of CN attached directly to Pd.
Fortunately, DCNA reacts smoothly with the complex Pd{Ph3P)^“ 
(FUMN) (where FUMN represents fumaronitrlie), producing the complex 
Pd(Ph3P)^(DCNA) in good yield (85-90^). The addition of fumaronitrile 
to solutions of Pd(Ph3P)4 leads to the formation of Pd(Ph3P)^(FUMN) In 
satisfactory yields (7^-80$), as FUMN fails to display the complicated 
reaction chemistry with Ph3P that is found with DCNA. The infrared 
spectrum of the complexes mentioned Include CN bands at 2206 cm”1 in 
the FUMN complex, and 2187 cm-1 in the DCNA complex (Figure 21). More­
over, In the DCNA complex, the coordinated acetylenic stretch is ob­
served at I75I cm-1, and the complex is again orange, like the platinum 
complexes of DCNA.
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FIGURE 21
Selected Infrared Bands of the Complex 
Pd(Ph3P)^(DCNA)
1*jO
The data contained in Table VI show the thermal stabilities 
and coordinated acetylenic stretching frequencies of some palladium 
complexes of the type Pt(Ph3P)£(R-C^C-R), where R-C^C-R represents an 
acetylene-bearing electron-withdrawing R group. Comparing the analo­
gous platinum and palladium complexes based on the data in Tables V 
and VI, several trends are evident. Palladium complexes display a 
generally lower thermal stability relative to the platinum complexes. 
The positions of the analogous coordinated acetylenic stretching fre­
quencies are generally about 60 cm"1 higher in the palladium complexes 
than are found in the platinum complexes containing the same ligands.
The thermal stability data for the palladium complexes are 
not consistent with what could be expected based on trends observed 
with the platinum complexes. Specifically, it is surprising that the 
complex Pd(Ph3P)^(DCNA) should melt so much below the deeomposit ion 
temperatures observed for Pd{Ph3P)^(DMCA) and Pd{Ph3P) ?(C 4Fe). One 
explanation for this result may involve a difference in the interpre­
tation of the term "decomposition" between the several sources. Alter­
natively, one may question the validity of decomposition temperatures 
as an indicator of relative thermodynamic stability of any of a series 
of complexes. The use of the term "stability" eventually leads to the 
question, "Stable to what?" The decomposition of the palladium com­
plexes at elevated temperature may Involve reaction of the complex with 
oxygen, reaction of the ligands with oxygen, or mere dissociation of 
the ligands. Although the melting or decomposition temperature of the 
series of platinum complexes Pt(Ph3P)^R-CsC-R generally follows a more 
conventional order with respect to Tf-acidity of the appropriate series,
TABLE VI
THERMAL STABILITIES AND COORDINATED ACETYLENIC 
STRETCHING FREQUENCIES OF SOME PALLADIUM COMPLEXES
m. p . Vc^c Av
Pd(Ph 3P) DCNA) 160-165° dec 1751 368
PdtPh^PMc^Fo) l y i + - l 9 5 J dec 1638,1811 1*62, l|8ti
Pd(Ph3P)£,(DMCA) 195-196° dec 18^5,1830 --
Pd(Ph3P )^(Ph-C =C-Ph) a --- --
a. This complex was too unstable to be prepared and characterized by 
the same method as suited for the other compounds listed.143
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dependable thermodynamic data are available for neither the platinum 
nor the palladium series of acetylene complexes. Perhaps reliable 
physical measurements will be forthcoming as the value of such experi­
ments becomes recognized. Currently, it is fair to say that melting 
point and stability data are of interest, but represent only gross 
reactivity In that the sumnat Ion of a variety of effects take their 
toll In influencing the observed decomposition temperature.
A similar argument can be made with respect to the use of
Av In appraising complex stability. The term Av Is generally used to
represent the difference in two vibrational frequencies [Av = (vfree "
v i where v, represents the normal vibrational mode of thecomplex7 free r
pure acetylene assigned to the triple bond stretching frequency, and 
^complex corresPont̂ 9 to t îe frequency in the lb^O to I85O cm-1 region 
of the infrared spectrum of the complex, associated with the reduced 
stretching frequency of the coordinated acetylenic bond.
The absolute value of Av in a given series of complexes has 
been construed to indicate relative stability in a homologous series 
of acetylene complexes. According to the Dewar-Chatt-Duncanson theory 
of metal-acetylene bonding, the reduction in the acetylenic stretching 
frequency upon complexatlon corresponds to a reduction in the effective 
bond order of the acetylenic bond, which in turn corresponds to an 
increase in the population of electrons in the antibonding TT-orbltals 
of the acetylene. On an empirical basis, at least in the Berles of 
platinum-acetylene complexes, the acetylenes bearing more strongly 
electronegative substituents (_i.£. , the stronger "TT-acids") are in­
volved in a greater degree of removal of electron density from the
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metal through back-bonding. One may interpret these results as an in­
dication that the shift in the acetylenic Btretching frequency (Av)  
is an index of the degree of back-bonding, and hence a quantitatively 
valid index of thermodynamic stability of the metal-acetylene bond.
Such an argument is not unique to metal-acetylene complexes, but has 
been extensively employed in the interpretation of bonding in com­
pounds such as metal-carbonyl complexes.191
Careful examination of the infrared absorptions associated 
with the reduced acetylenic stretching frequency revealed a multitude 
of shoulder peaks on the general envelope of the main band. In con­
trast, metal-carbonyl complexes display CO stretching frequencies 
which are observed as very strong and very sharp absorptions. Of 
further interest in this regard is the fact that two bands were re­
ported for each of the complexes Pd(Ph3P )^(DMCA) and Pd(Ph3P)^(C4F(3).
One would not predict multiple stretching frequencies for a complex 
containing only one acetylenic bond assuming an essentially pseudo­
square planar configuration of ligands. However, as yet there has ap­
peared no normal coordinate analysis of even the simplest metal- 
acetylene complex, such as Pt(Ph3P)^(H-C^C-H). Therefore, no assign­
ment of an infrared band in such compounds is really on solid theore­
tical ground. Although the assumption is very convenient, it is 
currently no more than postulated, that the Infrared band associated 
with the reduced acetylenic stretching frequency should correspond to 
a pure , normal vibrational mode of the molecule involving the acetylenic 
carbon atoms. Therefore, it is somewhat of a logical Jump to assume 
that one can depend on raw Av values at this point to describe
quantitative aspects of the bonding in metal-acetylene complexes.
These statements are made in the Interest of encouraging caution rather 
than discouraging empirical comparison and correlation of spectral data.
Unfortunately, no DCNA complex of nickel could be prepared.
The two nickel substrates principally Investigated were Ni(CO)^“ 
(Ph^fCH^CHpPPh^) and Ni(Ph3P)P(CpH4). In the case of the former sub­
strate, the reaction with DCNA was observed to proceed at rates which 
were dependent on temperature, uv irradiation, solvent, and reactant 
concentration. However, the reaction products were always dark in­
tractable tars, the infrared spectra of which presented no bands indi­
cative of any reaction except decomposition. DCNA reacted exothermi- 
cally with the nickel-ethylene complex, always with the production of 
black reaction mixtures indicative of polymerization. Attempts to react 
the above substrates with fumaronitrile, and then to react fumaronitrile 
complexes with DCNA (as was done for palladium) were also without suc­
cess. Eventually, as the proper experimental technique evolves, it 
should be possible to prepare stable nickel-DCNA complexes. However, 
for the present, such compounds have eluded isolation.
Maltlls was able to prepare nickel complexes of hexafluoro- 
butyne, diphenylacetylene, and 1-phenylpropyne with only moderate dif­
ficulty by reaction of the appropriate acetylene with the nickel- 
ethylene complex.143 It was apparently Impossible to prepare the EMCA 
analog. The diphenylacetylene and 1-phenylpropyne analogs were air- 
sensitive and too unstable to undergo elemental analysis. However, the 
coordinated acetylenic stretch was observed in the infrared spectrum of 
the latter two complexes at 1000 cm-1 and 1795 cm-1, respectively. In
contrast, the hexaf luorobutyne analog, Ni (Ph3P) ̂ (C^e) » waa prepared 
as a bright yellow crystalline compound which gave good elemental 
analytical results and displayed a band at 1790 cm-1 In the Infrared 
spectrum, attributed to the coordinated acetylenic stretch. The solid 
complex was stable In air for several hours , although It was too un­
stable in solution for a molecular weight to be determined by the 
osmometrlc method. The preceding data suggest that Nl(Ph3p)p(DCNA) 
should be lsolable and should display a band In the Infrared spectrum 
in the range 1790-1777 cm'1, corresponding to the coordinated acetyl- 
enis stretch.
DCNA should react with other nickel substrates, such as 
Ni(C0)4, to produce lsolable complexes. In reaction with Nl(C0)4, 
hexafluorobutyne Is known to form a complex which has been characterized 
as a tetranuclear complex, Nl4(CO)3(C4Fe)y•192 1° contrast, dlphenyl-
acetylene reacted with Ni(C0)4 to produce a unique reaction product, 
bls(tetraphenylcyclopentadieneone)nlckel.103»104 The position of the 
ketonic carbonyl stretching frequency at 1^97 cm"1, as compared with 
171 9 cm-1 in the free ligand 19‘’ and lbh2 cm-1 in the complex Fe(CO)^- 
(Ph4C 4C0) ,196 is Interpreted as indicating a greater degree of back- 
bonding in the nickel complex.
Dlcyanoacetylene was found to react with nlckelocene, _i-,e. > 
bls(cyclopentadlenyl)nlckel, to form a dark purple solid which could 
be recrystallized from ethanol, but which was unstable In air. No co­
ordinated acetylenic stretch was observed in the Infrared spectrum of 
this product, and no analysis for nitrogen was published. Nevertheless, 
the authors of this work chose to formulate the product as Nl^Cp) p(DCNA)
on the basis of carbon and hydrogen analyses and Infrared absorption 
In the region of 2200 cm-1. By comparison, DMCA is known to react with 
nickelocene to produce an orange-red crystalline solid corresponding 
to the empirical formula Ni(Cp)p(DMCA), However, it is known that the 
DMCA molecule is not bonded to the metal. Rather, DMCA was found to 
have attacked one of the TT-Cp ligands, forming a Diela-Alder adduct.1̂ 7
Cyclobutadiene complexes of transition metals had been pre­
dicted to be stable on theoretical grounds by Orgel and Longuet-Higgins 
for some time before the reaction of diphenylacetylene and palladium(II) 
salts was reported to produce compounds containing a cyclic four- 
membered ring. iyH This behavior constituted quite a contrast to the 
usually labile and polymeric products formed in the reaction of pal- 
ladium(ll) with acetylene and monosubstituted acetylenes. However,
the fact was eventually established that monomeric complexes of the 
type PdXs(Ph4C4) (where X * Cl, Br) could be easily prepared from the 
reaction of diphenylacetylene and dichlorobis(benzonitrile)palladlum- 
(11) . Moreover, the Ph4C4 ligand could be transferred by appropriate
reactions to other transition metals, opening the door to the synthesis 
of a wide variety of tetraphenylcyclobutadiene transition metal com­
plexes . 40
Unfortunately, all attempts to extend the field to tetra- 
cyanocyclobutadiene complexes have proven fruitless. Apparently, DCNA 
reacts with PdCl^(phCN)? in benzene in such a way that FdCl^ precipi­
tates from the reaction mixture as an insoluble, halogen-bridged poly­
mer. Other than this result, no reactions were observed which could be 
considered indicative of the synthesis of the C4(CN)4 ligand.
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D. Reactions of Dicyanoacetylene with Complexes of Rhodium and Iridium
1. Iridium
The capacity of rhodium(l) and iridium(l) complexes containing 
a wide variety of ligands to undergo oxidative addition reactions with 
small molecules to produce complexes of the formally trivalent metals 
has been amply demonstrated, 201-potJ and many adducts have been well- 
characterized for each metal. Of direct interest to this discussion 
is the fact that many of the same complexes of rhodium(l) and iridium(l) 
which add a mole of Hp, Op, HCl, Mel, etc. , have also been found to 
react with olefins and acetylenes, forming new classes of organo- 
transition metal complexes . ■£1°-
Although the rhodium(l) and iridium(l) substrates described 
in the preceding references possess a formal electron configuration of 
d8 , as compared with the previously mentioned zerovalent complexes of 
platinum, palladium, and nickel, which formally possess a d̂ iu con­
figuration, the trends in stability of the corresponding rhodium and 
iridium complexes are analogous to those found for platinum, palladium, 
and nickel complexes. This is to say that acetylene complexes are more 
stable than analogous olefin complexes, and that multiple electron- 
withdrawing substituents on the olefin or acetylene considerably 
stabilize the corresponding rhodium and iridium adducts.
The stability trends are well exemplified by complexes in the 
series IrCl(CO)(olefin)(Ph3P)p for which the stability of the complexes 
Increases as the olefin is varied in the order ethylene < tetrafluoro- 
ethylene < tetracyanoethylene. Among cyanoolefins , the corresponding 
complexes increase in stability with an Increase in the number of cyano
groups. That is, cyanoolefln complexes increase in stability in the 
order acrylonitrile < fumaronitrile < tetracyanoethylene.
Although the preceding statements were based on qualitative 
observation of the complexes, a quantitative study of the relative 
dissociative tendencies confirmed the qualitative comparisons.^19 In 
view of the preceding observations, and the previous research in the 
field, it appeared that dicyanoacetylene (DCNA) would behave as a very 
effective ligand in bonding to the rhodium and iridium dM complexes 
as it had with the cl10 complexes of Pt , Pd, and Ni. Following our 
initial report of the preparation of IrCl(CO)(DCNA)(Ph3P)p , the 
synthesis of this complex was independently reported by Bruce and 
Iqbal.13^ However, these authors reported a yellow color for the 
product, and quoted infrared data slightly at variance with that ob­
served in this work.
The complex IrCl(CO)(PPh3)P is sometimes referred to as 
Vaska's compound. When Vaska’s compound and analogs are treated with 
TT-aclds or other electrophlles, the availability of metal jd oTbitals 
decreases, and the back-bonding of metal d electrons into the TT- 
antibonding orbital of the carbonyl ligand decreases. As a result, 
the CO stretching frequency of such a reaction product is observed at 
higher energy. For example, when Cl2 1b added to IrCl (CO) (Ph3P) p, the 
CO stretching frequency increases from 1950 cm-1 (nujol, 196  ̂cm-1 in 
CaH0 of CHCI3 solution) in the starting material, to P080 cm-1 in the 
product, IrCl3(C0)(Ph3P)2. In complexes of olefins and acetylenes, 
the CO stretch increases significantly, but not as much as it does for 
the bona fide Ir(lll) complex mentioned above. Moreover, CO stretching
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frequencies shift roughly parallel with TT-acidities of the correspond­
ing ligand, as Is evident in Table VII.
The data in Table VII suffice for a representative sampling 
of such complexes, but CO stretching frequencies can not be quantita­
tively compared, because the infrared data from the various sources 
may not have been taken in the same phase [KBr, nujoi mull, C4Cla- 
(hexachlorobutadiene) mull, or solution]. As evidence that the phase 
makes a difference In the CO stretching frequency (and other bands 
also), It may be noted that the CO stretch In the complex IrCl(co)- 
(DCNA) (Ph-̂ P) 2* occurs at 2025 in C4C16 mull and at 2018 in dlchloro- 
methane solution. In addition, it is not certain that each of the 
above complexes conforms to the same stereochemical configuration.
Another Interesting feature of the compounds of the type 
IrX(CO) (Ph^P)2> (where X Is a monoanion) is that they absorb oxygen gas 
(Ô j) in solution and in the solid state, forming complexes of the type 
irX(CO) (o^) (Pĥ p)-,. As X is changed from Cl to Br to I, the process 
ranges from freely reversible (X =* Cl) to completely irreversible (X =■
I) in favor of the oxygen complex. This behavior may be understood 
in terms of decreasing electron density on the iridium atom as the 
anionic ligand becomes more covalent and less ionic. The result is 
that 7T-ac ids such as TCNE, 0£l DCNA, Letraf luoroethylenc, and others, 
have a greater relative access to the metal (i-orbltals for back-bonding. 
Correspondingly , one observes an Increased bond stability of the tran­
sition metal - Tf-acid adduct along with a lower dissociation constant.
Although the stabilities of the oxygen complexes of the type 
IrX(CO) (0.3) (Ph3P)2 display a high degree of sensitivity to the nature
TABLE VI
CARBONYL STRETCHING FREQUENCIES IN COMPLEXES 
OF THE TYPE IrCl(CO)(LIGAND)(PPh^P)^
Ligand 'fc-o1™ ' 1 Phase Ref .
No ligand 1950 Nu Jol
No ligand 1967 CHC1 3 a
Me00C-C=€-C00Me 1980 KBr b
HOOC-CC-COOH 2005 KBr b
0;. 2015 CHC13 a
NC-CC-CN 2018 CH-iCl̂ . c
sor, 2021 Nu jol a
CF3-C=C-CF3 2025 CHC13 a
NCCH»CHCN 2029 CH^Cl^. d
FpC=-CF? 2052 CHC 13 a
(NC)2C»C(CN)^ 2060 CH^Cl^i d
bf3 2067 e
a. L. Vaska, Accounts Chem. Res. , 1̂, 335 (1968).
b. J. P. Collman and J. W. Kang, J. Am. Chem. Soc . , 89. 81»̂  (1967).
c. This work.
d. W. H. Baddley, J. Am. Chem. Soc., ^0, 3'f05 (1968).




of the anionic ligand, this le not the case with DCNA. Being a stronger 
TT-acid than oxygen, DCNA forms stable complexes with Vaska-type com­
pounds such as IrX(CO) (Ph3E) (DCNA) (where X ■ Cl, Br, 1, NCS, E =* P:,
X = Cl, E * As). The relatively higher TT-acidity of DCNA is exempli­
fied by the relative Increases In the CO stretching frequency on co­
ordination of oxygen (Op) or DCNA to the complex IrCl(CO)(Ph3P)p. The 
CO stretching frequency in the adducts, represented by IrCl(CO)(L)- 
(Ph3p);> (where L * DCNA or 02) , are observed at 2025 and 2000 cm-1, 
respectively, in nujol mulls of the complexes. This corresponds to 
increases of Y5 and 50 cm-1, respectively, in the of the DCNA and
Op adducts relative to the v of the four-coordinate starting complex
LU
IrCl(CO)(Ph3P)p mulled in nujol. In the same manner, one could con­
struct an artificial TT-acidity for the Clp molecule [which reacts to 
form a bona fide Ir(lll) complex] with TCNE as the relative changes in 
CO stretching frequency upon addition of Clp and TCNE to the same com­
plex mentioned above amount to lJO and 110 cm-1, respectively
Despite the admitted inherent theoretical questionability 
of the approach , Vaska has attempted to correlate the change in the CO 
stretching frequency with the increase in charge on iridium.£iy Ac­
cordingly, in solution, the spectral data indicate that DCNA is similar 
in acceptor strength to SOp, both of which behave like mono-anionic 
ligands such that Vaska1s system ascribes a "relative oxidation state 
of 1.9-^.0 to the Ir atom",2ia
As mentioned in the discussion of platinum compounds, the 
halides Cl , Br , and I , function as weak TT-donors.173 By the same 
measuring technique, the NCS ligand was observed to behave as a weak
IT-acceptor (of about equal absolute magnitude).1Y3 In accord with 
Parshall's findings for the platinum complexes, the same sort of be­
havior is reflected in the spectra of the complexes IrX(CO)(DCNA)- 
(ph^p)^. That is, when X = Cl, Br, or I, the CO stretch is observed 
at , 202*>, or P019 cm”1, respectively. However, when the anion is
NCS, the CO frequency rises to cm"1, Indicating the somewhat
greater competition for (i electrons in the presence of the TT-back- 
bonding anion (see Figure 22).
The discovery of the series of complexes [ Ir(diphos ) ;>(l) ]+ 
(where diphos is P h 4PPhp, and L represents H,p, HX, Ĥ ., 0;j, CO,
S0?, NO;j, PF-,, etc. ) formed by direct reaction of L with the bright 
red-orange [Ir(diphos)p]+ , suggested that [ir(diphos)might form a 
series of stable 1:1 adducts with activated olefins and acetylenesv'1*^1 
Four phosphorus atoms contribute to the build-up of negative charge on 
the metal, which formally possesses the reactive cia configuration. In 
the complex containing a CO ligand, the CO stretch was observed at 
195.5 cm-1, indicating a quite substantial amount of TT-bonding by "back- 
donat ion",
Strangely enough, the ion Clr(diphos) displayed no ten­
dency to react with either phenylacetylene, hexafluorobutyne, or 
fumaronitrlie. When treated with DCNA, both the orange complex (no L 
ligand) and the white carbonylated adduct (L - CO) reacted, forming 
dark-colored tars. Considering previous experience with DCNA-phosphtne 
adducts, these reactions probably constituted no more than an attack 
on the metal-phosphine bond with resultant polymerization or phosphole 
formation. It was mentioned that TCNE reacted with the orange
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[Ir(dlphos)£]+ substrate,201,eo3 but further details have not been 
published. In addition, there have been no subsequent reports of re­
actions of olefin or acetylenes with this lridium(l) substrate.
The quest for substances which will catalyze the reduction 
of molecular nitrogen under moderate conditions has been the subject 
of a significant amount of research effort In recent years, and In 
fact, a number of metal complexes containing the ligand have now 
been synthesized. Van Tamelen has devised a system Involving 
a proposed Tl(ll) complex as the catalytic intermediate which does 
produce small amounts of NH3 , using N2 gas as the only source of the 
nitrogen a t o m . H o w e v e r ,  the intermediate has not been isolated 
pure and adequately characterized to conclude that a Ti-N;j bond is 
formed. Presumably, coordination activates the N;> molecule so that 
it may be reduced. It appears that anytime a nitrogen complex is 
stable enough to be Isolated, the N2 ligand is not sufficiently acti­
vated to undergo reduction. The ruthenium-nitrogen complex of Allen 
and Senoff has now been well-characterized as Ru {NH3) t,(N2) and Is a 
genuine complex of molecular nitrogen.2^  However, the report that 
the N£ ligand in this complex could be reduced to amnonla was later 
retracted after discovery of an experimental error.
Among the nitrogen complexes which have been prepared, partly 
as a result of the interest generated by the events described in the 
preceding paragraph, is the complex IrCl(N2)(Ph3P)^,PI1 which is iso- 
electronic and isostructural with Vaska's compound, IrCl(CO)(Ph3P)?. 
However, from a recent comparative study of the CO and N? ligands in 
these Iridium complexes,225 It was concluded that the nitrogen (N^)
16 rj
ligand waa weaker than CO, both in its o-donor and TT-acceptor proper­
ties. Nevertheless, it is relatively easy to synthesize the complex 
IrCl(N£)(Ph3P)2 from Vaska's compound, IrCl(CO)(Ph3P)p and an aroyl 
azide, with incidental formation of an acyl isocyanate.149
In the course of this work, it was observed that the reaction 
of Ir{NCS)(CO)(Ph3P)y with benzoyl azide did not produce the corres­
ponding Ne complex, Ir(NCS)(Np)(Ph3P)?. Soon after this discovery, 
Chatt published the comparison of CO and Np,"pCj and also mentioned in 
this publication that no nitrogen complex could be prepared from the 
Vaska-NCS analog. Chatt attributed this behavior to insufficient 
nucleophilic lty (i_ .e. , the net charge on the metal is already too 
great in the positive direction) on the part of the metal to undergo 
initial oxidative attack by the aroyl azide. This point is in line
with previous arguments regarding the CO stretching frequencies of the 
DCNA adducts. Moreover, it has also been observed that Ir(NCS)(CO)- 
(Ph3p )y is Inadequately basic to react with oxygen at all to form a 
complex involving the dative back bond to This result also ex­
plains the fact that solutions of the DCNA complex, Ir(NCS)(CO)(DCNA)- 
(Ph3F)p, decomposed on standing at room temperature for hr, whereas 
solutions of the other Vaska-DCNA complexes prepared were stable in 
solution for days.
In contrast to the behavior of the Vaska's compounds toward 
olefins and acetylenes, that Is, addition of the ligand to the complex 
in a one-to-one ratio, Collman observed that the Ne ligand was easily 
displaced from the complex IrCl(Np)(Ph3P ) w i t h  simultaneous addition 
of another available Tt-bondlng ligand, such as an acetylene, carbonyl,
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or trlphenylphosphlna.as7 Surprisingly, the addition of CO to solu­
tions of the complexes of IrCl(R-CBC-RJ)(Ph3P)s resulted In displace­
ment of the acetylene to form Vaska's compound, rather than the cor­
responding acetylene adducts of Vaska's compound. However, this result 
may be an experimental artifact. It Is possible that CO adds to IrCl- 
{R-C=C-R*)(Ph3P)p to form the known complexes, IrCl(CO)(R-C^C-R#)- 
(Ph3P)p. In Collman's experiments, the acetylenes employed were sub­
stituted with phenyl, benzoyl, and ester groups. The Vaska-acetylene 
adducts of these TT-aclds are not tightly enough bound to avoid appre­
ciable dissociation in solution. Therefore, the dissociation of 
IrCl(CO)(R-C=C-R *)(Ph3P)p to IrCl(CO)(Ph3P)p and R-C^C-R is probably 
a secondary reaction.
In the case of complexes represented by IrCl(L)^(R-C^C-R), 
where L Is Ph3P or Ph^As, and the acetylene was dlsubst1tuted with 
ester groups, a second mole of the acetylene was observed to add to 
the complex, forming tetrasubBtituted metallacyclopentadlene complexes, 
such as that shown in Figure 23. Moreover, on addition of excess 
acetylene (with either mono- or dl-ester substituted acetylenes, 1^£., 
DMCA or propiollc esters) catalytic trlmerlzation of the acetylene to 
the hexa- or trisubatltuted benzenes was observed to occur.
Apparently, only the dlsubstltuted acetylenes bearing ester 
groups formed the lsolable tetramethoxycarbonyl- or tatraethoxycarbonyl- 
metallacyclobutadlene complexes, of which the complex shown in Figure 
23 is representative. These materials are presumably five-coordinate, 
trigonal blpyramldal complexes. The dark red color of these compounds 




Structure of the Iridacyclopentadiene-type Complexes 
R- - CH 3 -OOC-, CH 3 -CH 0 -OOC-
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complexes of the type IrCl(CO)( ̂ ^(Ph-jP) ̂ , or IrCl (Cli?H J20o) ̂>-
(Ph3P)3 , respectively. In contrast to the high reactivity of the di- 
methoxycarbonylacetylene, diphenylacetylene , bls(benzoyl)acetylene , 
and p-nitrophenylpropiolic ester proceeded only one step In the reac­
tion with IrCl(N2) (Ph^p)^, forming I rCl (R-C C-R ') (Ph3P )
Reactions of both tetrafluoroethylene (TFE) and hexafluoro- 
butyne (C^e with the complex IrCl (N̂ .) (Ph3P ) have been reported .
Tetrafluoroethylene (TFE) displaces nitrogen to give the coordina- 
tlvely unsaturated complex IrCl (TFE) (Ph3P);,, which readily reacts with 
trlphenylphosph tne to form IrCl (TFE) (Ph-^P) 3. The nitrogen complex 
reacts with hexaf luorobutyne (CF3-C=C-CF3) to give IrCl (CF',-C=C-CF3)- 
(Ph3P)^, while evolving gas. The latter complex reacts with trl- 
phenyIphosphlne to form IrCl (C 4F(3) (Ph3P ) 3, and with ?-butyne to form 
the lrldacyclopentadiene complex, IrCl[(CF3)^Co'C^(CH3) ( P h , P )p. 
Vaska's compound, IrCl(CO)(Ph3P)2 , Is formed by heating in water the 
complexes IrCl(TFE)(Ph3P)2 and IrCl (C^e) (Ph3P )̂ .
In a study of the reactions of some cyanoolefIns , some un­
usual results have been obtained.156 Tetracyanoethylene reacts with 
IrCl(Np)(Ph3P)2 to produce a unique product of the coordinatively un­
saturated type, which is a dark brown compound, characterized as 
IrCl(TCNE)(Ph3P)2. However, when the dlcyanoolefin, fumaronitrlle 
(FUMN), is substituted for TCNE, two distinguishable reaction products 
are obtained. An orange complex constituting about 60$ of the reac­
tion products is the usual nitrogen displacement product, TrCl(FUMN)- 
(Ph3P)£. However, in about of the reaction products, the Ne ligand 
was not displaced. The resulting complex is IrCl(Ne)(FUMN)(Ph3P)£f
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displaying a band at 2182 cm-1 (vs,sp) corresponding to the N~N stretch, 
as well as CN bands at 2210 cm-1 (ms,sp) and 220/5 cm-1 (s,sp). The 
Increase In the N=N stretch of about 80 cm-1 is as expected in view of 
the reduced TT-back-donation of d-electrons on coordination of another 
TT-bonding ligand, such as fumaronitrile (FUMN).
The fact that the reaction of IrCl (N2) (Ph3P) with a weaker
IT-acid, dimethyl maleate, produces only the Np-contalning adduct , is
noteworthy in view of the relatively high reactivity of the homologous
acetylene (DMCA).149 The latter reacts with the iridium-nitrogen com-
ex to displace nitrogen forming ultimately an iridacyclopentadiene
complex such as shown in Figure 2 %  The absorption in the maleate
complex, IrCl(N2) (dimethylmaleate) (Ph3P) , is observed at 2I X) cm" 1. 14,1
It is strange that it should be higher in the maleate complex than in
the fumaronitrile complex (v » 2182).J56 Since the CN group isN —H
more strongly electron-withdrawing than the ester group, one would ex­
pect that a fumaronitrile ligand could compete more effectively with 
the Ne ligand than a dimethyl maleate ligand for the metal electrons 
involved in "back-bonding".150 Either dimethyl maleate and FUMN 
have equal TT-acidities , or other factors are operating which are not 
yet apparent.
In view of the previously described reactions, it was ex­
pected that DCNA should react with IrCl(N2)(Ph3P)P to produce either 
IrCl(DCNA)(Ph3P)^ or a tetracyano-metallacyclopentadiene complex 
analogous to that shown in Figure 23. The former would be expected 
to display infrared bands in the 1700 cm-1 region corresponding to the 
reduced acetylenic stretch, while the latter should be dark red and
contain bands in the infrared spectrum around I59O cm*1, corresponding 
to the ring vinyl stretch. In any case, one would expect that DCNA 
would be a strong enough TT-acid to effect complete removal of the N? 
ligand from the reaction products, based on the observations from pre­
vious reactions.
The results obtained from the reaction of DCNA with IrCl- 
(Np)(i,h3P)P were unusual and surprising, and partially contradicted 
the results predicted. Indeed, the NP ligand appears to have under­
gone complete displacement. However, elemental analysis indicates 
that two DCNA molecules are present in the product , yet the Infrared 
spectrum shows bands in the region of 1750-I85O cm"1, while bands are 
absent in the 1550 cm-1 region (see Figure 2^). This result implies 
that if two DCNA molecules are present in the product, they have not 
dimerized, and are bonded Independently. In solution (CH^Clp) there 
appears only a single CN stretch at 2207 cm"1, while two bands are 
observed for the reduced acetylenic stretch (one at 1795 cm-1, and a 
shoulder at 1820 cm-1). The molecular weight of the product was 
measured in benzene to be 912 (average of two runs; 9H  *nd 91? found), 
as compared with 901 g/mole for the calculated molecular weight of the 
product, based on the formula IrCl(DCNA)p(Ph3P)p. A possible struc­
ture is shown in Figure 25. Although complexes containing two inde­
pendently bonded acetylenes have not been reported previously for the 
reaction in question, It should be kept In mind that DCNA Is a very 
unusual ligand. Moreover, multiple Independently bonded acetylenic 
ligands have been obtained in tungsten complexes of the type w(acetylene) 
(RCN), as shown In Figure J. A model for the Independent bonding of
171
X X 1 X X X X X X
2 4 0 0  2 2 0 0 2 0 0 0  1850 
cm*1
1 8 0 0  1750
FIGURE 2k 
Partial Infrared Spectrum of the 
Product of the Reaction of DCNA with 
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PoasibLe Structure of the 
Product Isolated from the Reaction of 
of DCNA with IrCl(N£)(Ph3P)P
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the acetylenes in the tungsten complexes has been advanced, and this 
could conceivably be applied to the iridium complexes.229
The remaining reactions of DCNA with irtdlum(l) complexes 
involve the complex IrH(CO)(Ph3P)3 and its derivatives. The above 
complex is knovm to dissociate one mole of Ph3P freely, resulting in 
the formation of a coordlnatively unsaturated species, Ir(H)(CO)- 
(Ph3P)p, which can subsequently add the next available TT-bonding li­
gand, such as CO [forming Ir(H)(CO)£(Ph3P)^], or Ph3P [regenerating 
Ir(H)(CO)(Ph3P)3].i52
With solutions of either of the above mentioned iridium(l) 
hydrides, fumaronitrlle reacts to form a very stable adduct character­
ized as IrH(CO) (FUMN) (Ph3P)->. 1S3 In contrast, acrylonit ri le attacks 
the Ir-H bond, as well as filling a vacant coordination site as a TT- 
bonding ligand.1 3̂ The fact that acrylonitrile can insert into active 
R-H bonds la well known in organic chemistry under the term "cyano- 
ethylat ion".230
In solutions containing DCNA, the dissociation of Ph3P from 
the complex IrH(CO)(Ph3P)3 leads to the formation of dark red tars 
composed of adducts of Ph3P and DCNA. As a result, all attempts to 
purify and characterize a product from the reaction of DCNA with Ir(H)- 
(C0)(Ph3P)3 were unsuccessful.
In contrast, the reaction of DCNA with the dicarbonyl complex 
IrH(CO)2(Ph3P)p produced a product which contained two moles of DCNA 
per mole of complex. The product was characterized as Ir[-C(CN)“CH(CN)] 
(CO)(DCNA)(Ph3P)2, and it probably possesses a structure such as drawn 
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FIGURE 26
Structures for Two Possible Geometric Isomers of 
Complex IrC-C(CN)“^H(CN)](C0)(DCNA)(Ph3P )^
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at 2021 cm-1 (see Figure 2Y). which Is significantly higher than ob­
served for the 1:1 fumaronitrile adduct (19$7 cm-1) and the 2:1 
acrylonltrlle adduce (196^ cm"1). This result is what one would 
predict, based on the logic that strong TT-acids such as DCNA will tend 
to Increase the effective charge on the iridium, resulting in less 
retrodative TT-bondlng to the TT* orbitals of CO, with resulting ob­
served higher CO stretching frequencies.
The product obtained from the analogous reaction with TCNE 
is known to be a ketenimine complex with the formula IrL-N*C-C(CN)- 
CH(CN) (CO) (TCNE) (Ph'jP) p . ̂ 1 The CO stretch in this complex was ob­
served at 2080 cm-1, about 20 cin"1 higher than found in the TCNE 
adduct of Vaska's compound, implying that the electron density on the 
metal is lower in the case of the ketenimine complex. Complexes 
analogous to the DCNA reaction product are indicated In the reactions 
of DMCA and C4Fe with the reactive Intermediate IrHC0(Ph3P ) S i n c e  
four different methyl peaks were observed in the proton nmr spectrum 
of the DMCA analog, it Is Implied that each of the ester groups in the 
complex, which presumably corresponds to the formulation Ir-C(C00CH3)“ 
CH(C00CH3)(CO)(DMCA)(Ph3P)2 , resides in a unique chemical environment.
The analogous hexafluorobutyne complex, Ir[-C(CF3)™CH(CF3)]- 
(CO) (C^a) (Ph3P) shares the apparent anomaly with the DCNA hoinolog 
that the vinyl stretching frequency Is very weak if at all observable. 
In the DCNA homolog, weak absorption around 15^5 cm’1 Is observed in 
concentrated mulls of the complex. As usual, the CO stretch In the 
C^Fe homolog Is quite strong at 1991 cm-1, about JO cm’1 below that 
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FIGURE 27
Selected Infrared Bands of the Complex 
Ir[-C(CN)-CH{CN)](CO)(DCHA)(Ph3P)2
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hexafluorobutyne compared with that of DCNA. In addition, the re­
duced acetylenic stretching frequency of the TT-bonded DCNA and C4Fe 
ligands is observed at 1698 and 17^2 cm"1, respectively. The lower 
frequency of the DCNA complex is consistent with the previously ob­
served spectral comparisons of DCNA and C ^ e  ln the platinum and pal­
ladium series of complexes.
In a number of complexes discussed previously, the higher 
n-acidity of DCNA compared with the analogous dlcyanoolefin, fumaro- 
nitrile (FUMN) , has enabled DCNA to displace FUMN from solutions of 
complexes wherever a dynamic equilibrium of raetal-ligand association 
and dissociation was observed to be in effect. Conversely, no dis­
placement would be expected or predicted for complexes which are co- 
ordinatively saturated and kinetically inert to dissociation. Ap­
parently, this is the case with the unusually stable FUMN complex, 
IrH(CO) (FUMN) (Ph3P )£.. Absolutely no reaction was observed when this 
complex was treated with DCNA. Moreover, no reaction was observed 
when the FUMN complex was exposed to TCNE,^3^ an outstanding testi­
monial to the electronic stability and kinetic inertness of this 
complex.
2. Rhodium
Whereas the characteristic behavior of iridlum(l) chemistry 
is the oxidative addition of a wide variety of small molecules to form 
a profuse supply of five- and six-coordinate complexes, the chemistry 
of rhodium(l) more often features the facility for catalytic behavior 
by a transition metal which does not form complexes of exceptional
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stability , but rather activates ligands such that they undergo further 
reactions with ease.143>140>157»163■soi~soa
The rhodium(l) complexes which have been reacted with DCNA 
in this work constitute a full family, in that they may be classified 
as either L3RhCl or L^Rh^Cl^, where L is CO or Ph3P . In particular, 
the complexes employed were the following: RhCl(Ph3P)3 , Rh^Cl3(Ph3P)4,
RhCl(CO) {Ph3P ) i?, RhC 1 (CO) £.(Ph3P ) , and Rh^l^fCO) 4. Although there 
exists a variety of rhodium chloride complexes containing olefins and 
diolefins of the type exemplified by cyclopentadiene (C5He) and cyclo- 
octadiene (CBH1Q), these complexes were omitted from the present study. 
Moreover, CO and Ph3P displace such olefins leading to products which 
Include those rhodium(l) substrates considered here.234
Certainly, most studied among the above listed complexes is 
RhCl(Ph3P)3 , principally because of its efficiency as a catalyst for 
the homogeneous hydrogenation of olefins and acetylenes.157 Although 
many reactions of small molecules {such as acids, alkyl halides, allyl 
halides, aldehydes and others) have been investigated, relatively few 
actual olefin or acetylene complexes have been Isolated from reactions 
with RhCl(Ph3P)3.157»204*205'207
Nevertheless, there are a few notable exceptions. Mays and 
Wilkinson successfully isolated reaction products with the general 
formula RhCl(l )(Ph3P), where L is chlorotrifluoroethylene , tetra- 
fluoroethylene, and hexafluorobutyne, from the reaction of RhCl(Ph3P)3 
with the appropriate ligands.215 Also, Mague and Wilkinson prepared 
RhCl(Ph-C3C-Ph)(Ph3E) where E - As, P.212 Reports of products con­
taining acetylene (C^Hp) and ethylene (CeH4) have been relatively
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vague, and the materials have not been well-characterized.157 Since 
DCNA is somewhat similar in its properties to hexafluorobutyne (C4Fe), 
and the C4F6 complex was prepared and isolated rather easily, an at­
tempt was made to synthesize the DCNA analog. However, the reaction 
of DCNA with RhCl(Fh3P)3 definitely produced no complex such as 
RhCl (DCNA) (Ph3P) . Rather, DCNA reacted limed lately with the free 
triphenylphosphine, which is known to dissociate from the complex in 
solution, forming dark-colored DCNA-Ph3P adducts. Although it is 
possible that these adducts may have taken the form of cyanophosphones , 
[(DCNA)^(Ph3P)], analytical data did not suggest that the products 
were in any way stoichiometric, assuming that the percyanophosphole 
could re-coordinate to the rhodium as a diolefinic ligand. The re­
sulting product could be similar in structure to the polymeric com­
plexes of tetraphenylcyclopentadienone, with the general formula 
[(Ph4C 4C0)Rh(CO)Cl3n•235
In hopes of reducing the amount of the dark-colored adducts 
formed by reaction of DCNA and Ph3P , and still retaining the possi­
bility of preparing RhCl(DCNA)(Ph3P), the substrate was modified to 
contain less excess Ph3P per mole by moving to the dimeric, halogen- 
bridged product, Rh2Cl3(Ph3P)4. This salmon-pink complex was easily 
prepared from the dark red RhCl(Ph3P)3, Of relevance to this approach 
is the fact that the dimeric complex has been postulated to exist in 
solutions of RhCl(Ph3P)3. The latter is known to dissociate one mole 
of Ph3P in solution readily to form the species RhCl(Ph3P)2.157 
Although RhCl(ph3p)2 has not been isolated in monomeric form, it is 
considered to be the reactive intermediate effective in the catalytic 
reductions.157
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Reaction of DCNA with the halogen-bridged dimer, Rh^Cl^- 
(ph3p)4, produced the same dark-colored products as obtained with the 
trls-phosphlne complex. However, the reaction product was observed 
to contain less of the tarry materials, and recrystalllzatlon of the 
product included bands at 2188 and 2216 cm-1 (vs,sp) attributable to 
CN, and a definite vinyl band at 15^ cm-1 (m). The latter band was 
at too low an energy to result from TT-bonding of DCNA to rhodium. 
Rather, this band must be ascribed to a product resulting from either 
polymerization of DCNA or reaction of DCNA with Ph3P, or both. Ele­
mental analysis of the recrystallized product indicated an elemental 
ratio of 314:23:14 for C:H:N. From this ratio, one must Infer that the 
reaction material Is either a mixture of products or a nonstolchio- 
metric , polymeric product. Neither of these alternatives involves a 
complex of DCNA as a true acetylene.
Either of the two previously discussed rhodium(l) phosphine 
complexes can absorb one mole of CO per mole of Rh, forming RhCl(CO)- 
{Ph^P)^. In fact, the reaction is of synthetic utility to organic 
chemists since CO is abstracted from alcohols and aldehydes with re­
sultant formation of alkanes. The CO remains essentially irreversibly 
bonded to rhodium.
Although RhCl(CO)(Ph3p)£ is the rhodium analog of Vaska's 
compound IrCl(CO)(Ph3P)f , in general the rhodium complexes display a 
more interesting variety of catalytic reactions than oxidative addi­
tion reactions.300 For example, dimethoxycarbonylacetylene (DMIA) is 
catalytlcally trlmerlzed to hexamethoxycarbonylbenzene by RhCl(CO)- 
(Ph3P)2.211 Analogously, propriolate esters are catalytlcally
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trimerized to trisubstituted benzenes. From reactions of the complex 
RhCl(CO)(Ph3P)2 with a variety of aryl-, carboxyl-, and alkoxycarbonyl- 
substituted acetylenes, Collman and Kang were able to Isolate only 
complexes of propiolic acid and acetylenedlcarboxylic acid, RhCl(CO)- 
(HC ̂ CCOOH) (P h ) -. and RhCl (CO) (HOOCCCCOOH) (Ph3P ) 3 , respect lvely , 1
The carbonyl stretching frequencies in these complexes were observed 
at 2060 and 207‘j cm-1, respectively, in KBr pellets.
The implication of the preceding results is that a much 
stronger TT-acid ligand la required to prevent the dissociation of 
olefinic or acetylene complexes of the rhodium analogs than is re­
quired for the isolation of the iridium complexes of the type MX(CO)- 
(Ph3P)(olefin or acetylene). This point is further illustrated by 
the fact that with the iridium series of Vaska-type compounds, both 
TCNE and FUMN complexes have been reported, whereas for the rhodium 
analogs, only TCNE complexes have been reported.216*^17
In view of the foregoing considerations, the probability 
that DCNA would add to RhCl(CO)(Ph3P)3 to form an adduct which could 
be isolated from solution was at least marginal. However, by employing 
a 1+: 1 mole ratio of DCNA to RhCl(CO) (Ph3P)^ and isolating the product 
quickly, It was possible to isolate RhCl(CO)(DCNA)(Ph3P)2 In respect­
able yield and with reasonable purity. The infrared Bpectrum (Figure
28) contained bands at 2192 cm-1 (s) (v__), 20U6 cm’1 (vs) (v„_), andtn IU
IJ'Jtj cm-1 (m) (v ~) . The very strong CO band at 20U6 cm’1 had ala
shoulder at 2017 cm-1, and there was evidence of the CO band in the 
starting material at 1967 cm-1 at about one-fifth the intensity of the 
2Qb(j cm"1 band of the DCNA adduct.
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FIGURE 28
Selected Infrared Bands of the Complex
RhCl(C0)(DCNA)(Fh3P)2
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In comparing the infrared spectra of analogous rhodium and 
iridium complexes, it appears that the smaller rhodium atom is more 
sensitive to the presence of electrophilic ligands, or at least that 
electronic effects in complexes are more sensitively transmitted 
through the rhodium orbitals. This statement is based on the relative 
frequency changes in the coordinated CO stretching frequency in various
homologous complexes and the positions of the various ligand stretch­
ing frequencies. For example, in the complexes RhCl(CO)(DCNA)(Ph-P);. 
and IrCl (CO) (DCNA) (Ph,P) L,, the CO stretching frequencies are observed 
at I*)ht> and i’Oi’b c m * 1 , respectively, indicating greater increase in 
the CO frequency in the rhodium compound. Both rhodium and iridium 
analogs of the general formula MCI (CO) (PhMp ) p o s s e s s  CO stretching 
frequencies at about Vj'/) c m * 1 in the solid state. At the same time, 
the acetylenic stretches of the analogous rhodium and iridium Vaska- 
type adducts with DCNA are observed at 177b and 172‘; c m " 1 , respectively, 
indicating an appreciably smaller reduction of the acetylenic stretch­
ing frequency in the rhodium complex. Admittedly, there is a signi­
ficant difference in the masses of the rhodium and iridium; the ratio
is about 0. (Rh * 102. y; Ir =■ 192.2). Just how large a factor the 
mass of the metal plays can not be determined without a more detailed 
vibrational analysis of the complexes. Considering the efforts that 
have already been made to explain spectral data in these complexes, a 
more rigorous theoretical treatment will probably be e v o l v e d . How­
ever, at present, it seems impossible to differentiate between elec­
tronic effects and mass effects in interpreting changes in the resulting
1614
vibrational frequencies In a complex upon coordination of an olefin 
or acetylene. This is especially true of the TT-bonded acetylenic 
stretching frequencies, although the metal carbonyl spectra have been 
more thoroughly studied.*136
The complex Rh;3Cl;,(CO) 4 is a well-known halogen-bridged 
dimeric compound,1 3 4 although it was mi*formulated as an oxo complex 
by those who first prepared it in l1̂ 1,. ‘ "3 r >,J The halogen bridges
are readily cleaved by aromatic amines, forming complexes of the type 
RhC 1 (CO) ;j( amine).C> , J Until recently, monomeric rhodium chloride com­
plexes containing two CO ligands and one tertiary phosphine ligand 
were not well characterized.163 Rather, the usual product isolated 
from the reaction of RhpCl-,(C0) and ER3 (where E = P, As, Sb; R = 
alkyl or aryl) was the Vaska-type complex, RhCl (CO) (Ph iP)• >. 4 >,J4* ’
When the complex RhCl(CO)p(L.) (where L is the bridge-cleaving 
reagent) is prepared by the addition of 2 moles of L per mole of 
[RhCl(CO)p ]p, the product is [trans-RhCl (CO)PL] when L = Ph-^P, but 
the cj^s-dicarbonyl is obtained when L = pyridine or j>-toluidine . The 
importance of this series of complexes to this work lies in the fact 
that they have been found to react with cyanoolefins , producing com­
plexes with the general formula RhCl(CO)^(cyanoolefin)(l), where L is 
Ph3P , pyridine, or £-toluidine, and FUMN and TCNE were the cyanoolefins 
employed.
Since the two ligands TCNE and FUMN span the range of T7- 
acceptor properties within which DCNA would be predicted to be found, 
one might expect that DCNA would react with trans-chlorodicarbony1- 
trIphenylphosphinerhodium(I), with consequent formation of a product
with the formula RhCl(CO)p (DCNA)(Ph3P ) . In fact, DCNA does react with 
RhCl(CO)^.(Ph3P) , and the compound la a brick-red solid which displays 
a group of new bands in the Infrared spectrum as shown In Figure 29* 
Among these are CN bands at 2 I9 I and 2212 cm'1 , CO bands at 2095 anc* 
201^ cm- 1 , and a band at IbOY cm- 1 . All of the above data apply to 
solution spectra (CH^Cl^>). Slight changes are observed in the nujol 
mull spectrum. The band at 20lb cm-1 was less Intense, but new bands 
were observed at 20 Vj and 2007 cm- 1 . In both sets of spectra, the 
highest energy (cm-1) CO band was by far the most Intense. Unfor­
tunately, this reaction product appears to decompose on extended ex­
posure to the atmosphere. The resulting Insoluble material was not 
sufficiently soluble to allow an osmometric molecular weight determin­
ation. However, based on elemental analyses and infrared spectra of 
the initially Isolated reaction product, the formulation that is 
tentatively suggested Is RhCl(CO)^(DCNA)(Ph3P ) Further work will be 
necessary to confirm or disprove this hypothesis. Particularly valu­
able would be the investigation of the reaction of DCNA with RhCl- 
(C0) ;j(pyridine) or RhCl(CO)p(j>-toluidtne) . Of these last two mentioned 
complexes, each form lsolable complexes both with TCNE and FUMN, 
whereas RhCl (CO) ;j(Ph3P) reacts with TCNE, but falls to add FUMN.1
The analogous reaction was carried out using hexafluorobutyne 
in place of DCNA in reaction with RhCl(CO)^(Ph3P ) . Again, a dark-red 
product was obtained. Since this product was not analyzed for fluo­
rine, it could not be as well characterized as the DCNA analog. How­
ever, Infrared spectral data suggested the presence of a TT-bonded C 4Fe
18b
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FIGURE 29
Partial Infrared Spectrum of the Product 
Formed In the Reaction of 
DCNA and RhCl(CO)2(Ph3P)
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ligand. New CO bands were observed at 2068 and 205/ cm-1 (vs,sp) and 
a band at 1628 cm"1 could be attributed to the coordinated acetylenic 
stretch of C 4FR , although 1628 Is relatively low for such an assign­
ment. The presence of a shoulder on the principal CO bands at 1 >07 
cm-1 may Indicate partial dissociation of C ^ ^  with consequent reform­
ation of the starting material, t rans-RhC 1 ( C O ) P h - i P ) .
Stirring RhCl (CO) ,,(PhriP ) with DMCA (C6HLl0„) was observed to 
produce a gradual reddening of the initially yellow solution. However, 
on continued stirring, disproport1onation of the phosphine ligands 
occurred, resulting in the formation of a yellow precipitate of RhCl- 
(CO) (Ph3P) ;>. The latter compound is known to trimerize DMCA cataly- 
ticaily to the corresponding hexa-substituted benzene. Although no 
other complexes could be isolated from the dark-red reaction mixture, 
presumably some amounts of a rhodacyclopentadlene complex were formed, 
analogous to the complex prepared by Collman, RhCl(C1PH 12O 0 )(Ph3P ) H 
In related work, Kang and Maitlis have reported the cleavage 
of the halogen-bridged dimeric carbonyl, Rh-.Cl^fC0)4 , with an imine 
formed from the condensation of aniline with cinnamaldehyde (Ph-CH*CH- 
CH“N-Ph) .,?1R The resulting complex of the type RhCl (CO) %( imine) , 
reacts with the acetylenes DMCA and C 4Fe to form isolable 1:1 adducts 
analogous to the compounds prepared here, and by Uguagliati , Belluco, 
and co-workera,lse
In addition, the latter group of authors has investigated 
the oxidative addition reactions of the dicarbony1-phosphine complex 
with halogens and organic halides.20^ Consequently, it is again pos­
sible to compare a series of complexes as was done for IrCl(CO)(Ph3P )2 -
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Accordingly, in complexes of the series RhCl(l)(CO)p(Ph3P ) ^ , where L 
represents Ci^, TCNE, DCNA, C 4F 6 , or FUMN, the highest {and most in­
tense) CO stretching frequency is observed at 2111, 20(32, 2093 1 an^
206(3 cm- 1 , respectively. No product was isolated in this series for 
FUMN. However, in the series RhCl (CO) ̂ (L.) (pyridine ) , the strongest 
CO band was observed at 2118 and 20'/> c m " 1 in the nujol mull spectra 
of the complexes in which L represented TCNE or FUMN, respectively. 
Similarly, in the series RhCl (CO) '.(h) (j>-toluid ine ) , the principle CO 
band was observed at 2098 and 8096 cm-1 tn the infrared spectra of 
complexes in which L represents TCNE or FUMN, respectively. The im­
mediate implication of the infrared data for the FUMN and TCNE com­
plexes is that the donor properties of the ligands pyridine, jg- 
toluidine, and triphenylphosphine decrease in this order listed.
One consequence of this decrease is that in the Ph3P substrate, the 
electron density on the metal is not adequate for one of the weaker 
TT-acids , FUMN, to form strong enough bonds (metal to ligand TT-bond) 
to avoid dissociation in the reaction solvent.
The infrared data for the series of complexes containing 
Ph:iP generally follow the trands noted previously, such that the in­
creasing electrophillcity or TT-acidity (as applicable) of the added 
ligand reduces the electron density on the metal, driving the CO stretch­
ing frequency higher by reducing the metal-carbony 1 TT-bond order.
On the other hand, finding the CO stretch in the DCNA compound 
to be higher than that In the TCNE compound is anomalous. This could 
possibly be explained in terms of dissimilar isomeric structures of the 
percyano-olefin and percyano-acetylene complexes.
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In a paper mentioned previously, certain reactions of DCNA, 
DCNO, and HMDCNO were r e p o r t e d . T h e  abreviations DCNO and HMDCNO 
are the acronyms which were chosen for the Diels-Alder adducts of DCNA 
with benzene and hexamethylbenzene (mellitene), respectively. The 
proper name for HMDCNO would be Vdlcyano- 1 , h , '> ,(_>,'{ ,8-hexamethy 1- 
bi eye lo- [?'. i.‘. ta- ? , 'i,'(- t riene. DCNO is isostructural with HMDCNO.
In the reference noted, the reactions of HMDCNO and DCNO with Rh^Cl:;- 
(CO) 4 and the isoelec tronic PdCl^(PhCN) ;J were observed to displace the 
carbonyl and nitrile monodentate ligands , resulting in the formation 
of insoluble polymers characterized as CPdCl^,(L)]n or [ghci(L.)]n 
(where L represents DCNO or HMDCNO). It was not specified whether 
the CN-substituted olefinic bond participated in the bonding. How­
ever, both DCNO and HMDCNO may be regarded as chelating dioleflnic 
ligands, occupying two coordination sites.
In the preceding pages of this discussion, the reaction of 
DCNA with the palladium complex, PdCl^PhCN)^, was described as pro­
ducing insoluble, non-stoichioroetric products, which are probably 
polymeric. As part of the study of the DCNA chemistry of rhodium(l) 
complexes, the reaction with RhpCl^fCO^ has also been performed.
The precedent reactions of several acetylenes with the rho­
dium carbonyl chloride indicate that the products of the reaction of 
DCNA with Rh;j(L^) (CO) 4 will not be acetylenic or straightforward in 
nature. McVey and Maltlis have investigated the reactions of diphenyl- 
acetylene, dimethylacetylene (2-butyne) , and diethylacetylene (S- 
hexyne) with [RhCl(CO) i ; ] ^ . T h e  only electrophilic acetylene
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which has been studied In this reaction system Is hexafluorobutyne 
{CjjFe)* as described by Dickson and Wilkinson,P44
The results of the above studies have shown the following
trends:
A) The reaction with C 4F t; resulted in the preparation of the 
free tetra-substltuted eyelopentadlenone ligand, whereas the alkyl- 
and arylacetylenes produced complexes of the tetrasubstltuted eyelo­
pentadlenone with RhCl.
B) Trlraerlzatlon of the acetylenes was significant for CH3C CCH3 
and also observed with dlphenylacetylene and ^-hexyne,
D) N o complexes have been isolated from the reaction of an 
acetylene with Rh^jClp(C0) 4 in which the acetylene has not reacted to 
form another species. This result means the acetylene can not be re­
covered on reactive degradation of the complexes.
D) Generally the acetylene dlmerizes and inserts a carbonyl to 
form eyelopentadlenone structures (appropriately substituted). When 
the substituents are small (methyl), a second carbonyl can insert, 
forming qulnone structures. In addition to the above facts, It has 
been observed that the cyanocarbons TCNE and FUMN display absolutely 
no Inclination to react with [RhCl (CO) 1,56 However, these are 
olefins, not acetylenes, and can not undergo dlmerizatlon and still 
retain a TT-orbltal system (assuming no reaction of the CN groups) with 
which to Interact with the rhodium orbitals.
As would be expected In view of the above data, the reaction 
of DCNA with Rh2Cl£ (C0)4 proved rather complicated. Mixing the two re 
actants In either hexane or benzene resulted in the gradual clouding
of the Initially yellow solution. After several hours, a red-orange 
precipitate was deposited on the walls of the reaction flask. The 
infrared spectrum of this product included CO bands at 20 cm-1 (s), 
and P101 cm"1 (vs), along with a relatively broad medium strength CN 
band at PPH cm- 1 . Strangely, no band was observed from ISO) to 
POO) cm-1 in the immediately isolated product. However, after the 
solid product was exposed to air for several days, the infrared spec­
trum of the noticeably lighter-colored solid contained a medium-strong 
band at l(dp> cm'1 and a weak band at ItiOJ cm"1. Within the error of 
the measurement, however, the CO and CN bands had not changed in posi­
tion or intensity. Analytical data almost fit a 1:1:1 ratio of 
RhC1:C O :DCNA. The closest fit was obtained with the formulation of a 
tetramer, Rh 4C1 4(C0} ,,(DCNA) 3. In the reaction, the ratio DCNA: RhaCl 
(C0)4 employed had been 2:1. Repetition of the reaction using a ratio 
closer to 1:1 resulted in the isolation of a similar-colored product 
which gave lower analyses for carbon and nitrogen. Another apparent 
anomaly was the presence of a significant amount of hydrogen detected 
in the analysis of the product. However, this result could be explained 
in terms of the occlusion of solvent by the precipitating polvmer.
The infrared band at 1(Sh‘j» cm"1 is in such a position that it 
could be construed as either the carbonyl stretch of a coordinated 
tetracyanocyclopentadlenone ligand or as a reduced acetylenic stretch 
of a coordinated DCNA molecule, which is experiencing extreme back- 
bonding. Although the former possibility is preferred, based on the 
previous research on such complexes, the continued presence of a CO 
band as high as 2100 cm'1 Indicates that this metal carbonyl bond is
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very weak. The latter la generally associated with a high charge on 
the metal. This suggests the possibility of a cr-bonded rhodacycio- 
pentadlene complex containing a 1 ,^-tetracyanobutadlenyl ligand. A 
complex prepared by Mague and Wilkinson containing a tetrakis(trl- 
fluoromethy1)butadleny1 ligand o-bonded to Rh displayed a CO stretch 
around 2100.J1>1) However, the absence of any infrared bands around 
lV/) cm - 1  discourages such a formulation.
If one assumes that a tetracyanocyclopentadlenone ligand 17- 
bonded to rhodium could be a relatively strong TT-acceptor, the best 
formulation for the product requires the structure {[C 4 (CN),,(C0)]RhCl- 
(C0)}n , Implying a polymeric material containing halogen bridges 
between rhodium atoms, and involving both carbonyl ligands and 17- 
bonded tetracyanocyclopentadlenone ligands. These results indicate 
that the reaction of DCNA with Rh£>Clp(C0) 4 is a reaction worthy of 
further investigation.
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Greeley, B, Akermark, Ĵ. Amer. Chem. Soc., 1331 (I909)•
22-5. E, E. van Tamelen and D. A. Seeley, J. Amer. Chem. Soc . , 91 . 9ly^
(1969).
. A. D. Allen and F. Bottomley, J. Ame r. Chem. Soc . , > 1 , 1231 (I9O9).
229. J. Chatt, D. P. Melville, and R. L. Richards, ^* Chem. Soc. (A),
28M (1969).
220. J. A. McGinnety, R. J. Doedens , and J. A. Ibers, Inorg. Chem. , b,
21* It ̂ {I967).
227. J. P. Collman and J. W. Kang, J. Amer. Chem. Soc ., 88, *h1/) (W b b ) .
228. B. Clarke, M. Green, and F. G. A. Stone, Ĵ. Chem. Soc., (A) , 9L>1
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